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TO THE STUDENTS WHO USE THIS BOOK 


You are beginning a new year’s work in science. As you use 
this book you should gain a much better understanding of 
some of the facts and principles that we call science. The 
facts help explain many of the things that you see every day, 
and many of the happenings that go on all about you. We are 
interested in trying to answer some of the many questions that 
you frequently ask. These are often the “what” and “why” 
questions, and sometimes the “how” questions. 

Did you ever ask, “What are rocks?”, or “Why do we 
breathe?”, or “What holds us to the earth?” Have you asked 
someone such questions as: “How can heat get from one place 
to another?”, or “How can heat make an engine go?”, or pos¬ 
sibly, “How do lamps make light?” j t,. 

Now turn through the pages of this book. Y^ii‘‘w511 find 
here and there at the beginning of each unit division a list of 
problems expressed as questions like those above. Select any 
one question. Can you answer it? Now if you will turn in the 
book to the same numbered problem, you will find help in 
answering the question and in explaining how the answer is 
obtained. 

We hope that you will have many questions of your own as 
you work with this book and that you will be able to get help 
in answering many of them. 

Science means the attempt to explain the nature of the 
things in the universe in which we live. Science also attempts 
to explain how the things in our world behave and to further 
explain why they behave as they do. Science often means the 
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ways that we use to find out and prove the explanations of the 
world in which we live. These are called scientific methods. 

From your study of science you wifi, learn much that will 
give you a better understanding of this modern world. Our 
world now is made up of many applications of science and 
even to live comfortably in it every person must have, some 
understanding of science. We expect one result of your work 
with the material in this hook will be that you can better 
adjust your living to your own daily surroundings. 

The work to be done is divided into eleven large divisions 
called units. Each unit is developed around the same general 
work pattern. You will find for each unit a brief introduction. 
What This Unit Is About. Then follows the list of numbered 
Unit Problems. The text to be read follows the statement of 
the unit problems. In the text you will find suggestions of 
things to do introduced at places where they seem to help in 
the learning. These are printed in italics like this type. In 
addition there are frequent questions and problems. You will 
find it to your advantage to try to answer these. 

Again tiun the pages of this book. You will see many 
unusual and interesting pictures and diagrams. These help 
very much in making the book an attractive tool to use. There 
is no doubt you will enjoy just looking at many of the pic¬ 
tures. If you will examine these more carefully, you will find 
that each has a story to tell. Study the pictures and diagrams 
as you read the text. Very often it will pay you to look at an 
illustration, read what is printed with it, and then examine the 
picture or diagram again. The pictures are intended to help 
in explaining the words of the text and the words are intended 
to help in explaining some of the pictures and diagrams. 
Learn to use both in building up a better understanding of 
the ideas presented. 

At the end of each unit you will find directions for Things 
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to Do in addition to those that are suggested in the text. You 
should try some of these. These directions include things to he 
done by the whole class or by committees. Following the 
thingfl to do is a unit summary. Some Things to Remember. 
These numbered statements will assist you in reviewing what 
you have learned in a unit. Always try to think of other ways 
to apply the ideas contained in each of these summary state¬ 
ments. Finally, you will find a list of Books to Read. One 
book cannot contain all that is known about many science 
topics. Use these suggested readings to add to what you have 
learned from your textbook. 

There are always interesting pieces of work for alert and 
energetic boys and girls. If you finish the work expected of 
members of your class, try some of the other activities in the 
list of Things to Do. Read one or more of the books in the 
reading list. Perhaps you can think of other problems of your 
own, or of an interesting report or demonstration that you 
can carry out. Ask the teacher to approve your project and 
then see if you can make a worth-while contribution to the 
work of the class. 

Ralph K. Watkins 

Winifred Perry 
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UNIT ONE 


Solving Our Own Science Problems 

What This Unit Is About 

Science deals with the nature of things in the universe 
in which we live, and with the ways in which these things 
hehave. If we are scientific, we do not accept a thing as 
true unless it can he proved. We try to gather reliable 
evidence to show the truth. 

Susan says that it is going to rain when the science club 
has its picnic. “It always rains on the first picnic in the 
fall.” She doesn’t want the picnic spoiled, hut she would 
like to have it rain just a little to prove her contention. 
As further proof, she adds that it is near the fall equinox, 
and her grandmother says that it always rains at the 
equinox. 

Rain is one of those things we call natural phenomena. 
It is a part of our surroundings, or environment. Rain, and 
its causes, belong to that field of human knowledge which 
we call natural science. The statement that it always rains 
at the time of the first school picnic in the fall is a doubtful 
statement. It is based on insulBficient evidence. Susan has 
no records to show how many times it has rained on a 
school picnic. She just thinks she remembers. She has no 
records which can be counted and reduced to figures. She 
cannot say, “Here is a record of ten school picnics held 
on the 21st of September, one every year for the ten years, 
and out of the ten it has rained nine times.” 
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Grandmother’s evidence is little better, although many 
other people believe the same thing. Her belief is in¬ 
correct because she has connected two happenings that 
by chance have occurred at the same time. We try to ex¬ 
plain fall rains, which we do not otherwise understand, 
by something that happens at the same time, in this case 
the change of the seasons. 

We could go to the weather records to get evidence in a 
case like this. The weather man, who is a trained scientist, 
can tell whether or not it is likely to rain on the day of the 
picnic. He can do this because he can collect for that day 
carefully measured observations about the condition and 
movements of the air from other trained observers located 
all over the country. 

In scientific work we usually expect that the proof will 
consist of evidence we can observe with the senses of see¬ 
ing, hearing, feeling, tasting, or smelling. Very often we 
require that the evidence be of a kind that can be meas¬ 
ured or counted. If we have what is called a scientific atti¬ 
tude, we delay arriving at a conclusion or forming a judg¬ 
ment until there is enough evidence to prove the point. 
A scientist tries to be impartial in considering his evi¬ 
dence. He does not assume that a thing is proved true or 
false. He waits until the evidence shows which is the 
correct answer to his problem. 

In this unit we shall try to learn the difference between 
science and false beliefs. The latter may be either fallacies 
(false ideas) or superstitions (a belief built on false ideas). 
We shall try to find out how we can make controlled 
observations of science phenomena or happenings. We 
shall try to find out when to believe, and when not to 
believe, statements that are supposed to belong in the 
field of natural science. 
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Solving Our Own Science Problems 

UNIT PROBLEMS 

1. What is the difference between fallacy or superstition 
and science? 

2. When are we to believe a “tall” story? 

3. What are we to believe about new discoveries in 
science? 

4. How are things proved in science? 

5. Can we solve science problems for ourselves? 

6. How do we find answers to our own science problems? 

7. How can we experiment at home? 

8. Who are scientists? 

What Is a Scientist? 

1. What is the difference between fallacy or superstition 
and science? 

Sometimes when people see two things happen at the same 
time on several occasions, they say the one is the cause of 
the other. Suppose that in walking along the street you see 
a peculiar brown stone and put it in your pocket. Later in 
the same walk a friend happens to see you and says, “Come 
to the circus with me.” Perhaps the next time you are about 
to go for a walk you find the brown stone and remember that 
you picked it up the day you went to the circus. Suppose 
that on this second walk you meet a friend who says, “I’m 
going to the country for two weeks. Do you want to use my 
bicycle while I’m gone?” Now you think to yourself, “I 
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SUPERSTITION STILL EXISTS IN SOME PARTS OF OUR PRESENT WORLD. 

always have good luck when I carry that funny-looking 
brown, stone. It’s a lucky charm. I’ll carry it wherever I go.” 
You have built up a superstition. Because nice things hap¬ 
pened to you when you carried a peculiar little stone, you have 
come to believe that these things happen because of the stone. 

People have often used a superstition to explain something 
which they could not understand. Thunder and lightning 
make a vivid impression on all people. Many folk are afraid 
during a thunderstorm. Years ago the Greeks tried to explain 
the cause of thunder and lightning. As you probably have 
read, Zeus was the chief of the Greek gods. The Greeks 
thought of him as a superman with magical powers, but with 
the feelings of an ordinary man. When Zeus became angry, 
he hurled his thunderbolts at those who had displeased him. 
It should have been easy to prove that lightning occurred 
when there was no apparent reason for anger on the part of 



the gods, and equally easy to prove that lightning often did 
not occur when there might have been some reason for dis¬ 
pleasure at the behavior of human beings. 

Many people still believe in a variety of superstitions. 
These are usually associated with fears of various kinds. To 
break a mirror means seven years’ bad luck for the unfortu¬ 
nate breaker. Carrying a rabbit’s foot brings good luck. It is 
bad luck to pass under a ladder. Carrying a horse chestnut 
in the pocket wards of! rheumatism. A black cat crossing the 
road ahead is a sure sign of some calamity. Stepping on a 
crack in the sidewalk will break your mother’s back. When 
the dog grows a thick coat of fur in the fall, it is a sign of a 
severe winter to come. Short sections of color in the covering 
of striped woolly caterpillars are a sign of a short winter; 
long sections are a sign of a long winter. A new moon turned 
up so that it will hold water indicates dry weather; a moon 
turned down to spiU the water indicates wet weather. Wars 
are sent as punishments for the wickedness of sinful people. 

Make a list of ten supersti¬ 
tions which are believed by 
various people in your com¬ 
munity, or which were at one 
time believed by some of the 
older people. Make a combined 
list of the superstitions gathered 
by the different members of the 
class. What is the accepted ex¬ 
planation for each of these 
now? 

Instead of accepting the 
superstitious explanation of a 
coincidence (two or more 
things that just happen to occur 
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at the same time), the scientist 
tries to find what is the natural 
cause for things that happen in 
the world and to prove with 
evidence the relationship be¬ 
tween the cause and the effect. 

For many years people be¬ 
lieved that living things could 
grow from inert or dead ma¬ 
terial. The name given to this 
was spontaneous generation. 

There are even recipes in old 
hooks on farming telling how 
to get living things by some 
peculiar combination of non¬ 
living materials. One fact that led to the belief in spontaneous 
generation was that living creatures often came from meats. 

An Italian scientist named Redi doubted the idea of spon¬ 
taneous generation. He tried to find a natural explanation 
or cause for the presence of living creatures in meat kept 
for some time. To do this he placed samples of meat 
in bottles which were screened over the top with pieces of 
cloth. He found that flies came around the bottles and laid 
eggs on the cloth. Maggots developed from these fly-eggs, 
but none were in the meat. Redi concluded that the explana¬ 
tion for the growth of living things in the meat was that these 
were maggots which came from fly-eggs laid in it. He repeated 
his experiment many times. Each time that his meat was 
carefully screened, he had no living creatures in it. 

This work of Redi stood until the invention of the micro¬ 
scope in 1668 by Anton van Leeuwenhoek of Holland. 
With his microscope Leeuwenhoek discovered minute living 
things that could not be seen with the naked eye. This opened 
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again the whole question of spontaneous generation. More 
than a hundred years later the French scientist, Pasteur, 
discovered that, when he subjected substances to heat and 
kept them in heat-treated vessels covered from the air, he 
had none of the living creatures that can be seen under the 
microscope. 

Now we believe that all living things come from othet 
living organisms of their own kind. Scientists have found 
natural and logical explanations for those happenings that 
seemed to produce life spontaneously. Until something else 
happens which makes us question the experiments of some 
of these scientists, we shall continue to believe that each 
living thing has come from some other living thing like it. 
We class as superstitions or as fallacies the notion that worms 
come from sea mud or that horsehairs in watering troughs 
turn into snakes. 

Many modern advertisers would like to establish the kind 
of belief in the value of a trademark that the ancients had 
for charms and luck pieces. You are to believe that the kind 
of article carrying a particular trademark is always good. 
If you can find that the samples bearing this trademark are 

good, then perhaps you 
can be made to believe 
that all articles marked 
in this particular way 
are always good. The 
next step is to believe 
that no other articles of 
this kind can be as 
good as those bearing 
this one peculiar mark. 
This is very close to the 
kind of belief that we 
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laugh at as an old-fashioned superstition. It is superstition 
in a new form. Of course, a trademark is often a symbol of 
good workmanship. Such a U-ademark does not, however, 
indicate that similar articles made by other honest workrnen 
may not be just as good, or in some cases better. The scientific 
purchaser will try to find out which articles are better. 

2. When are we to believe a “tall story? 

Sometimes people in a community start a story that seems 
greatly exaggerated, but which many continue to believe. 
Often there are eyewitnesses who swear to its truth. Stories 
of this kind are frequendy reported in the newspapers. The 
name “tall” stories is sometimes given to them. When are we 
to believe a “tall” story? How are we to know what to believe? 
Sea serpent tales are typical of such stories. 

A proposed scientific treatment for a sea serpent tale was 
reported in the issue of Time for June 20, 1938. In part it 
runs as follows: 

Like a steel-blue knife blade pressed flat into the heathery Scottish 
highlands lies 22 y 2 -mile Loch Ness. Natives of the district have for 
centuries been seeing kelpies, bogies, will-o’-the-wisps. Relatively 
young, relatively real to the outside world is “Nessie,” the lakes 
mysterious monster, “seen” every season since 1933. 

Last week. Captain Donald John Munro .. . opened the 1938 sea¬ 
son. ... He proposes to build three lookout towers, each equipped 
with a telephoto camera, range finder, stop watch, powerful binocu¬ 
lars, sound apparatus like that used for detecting the presence of 
submarines . . . (He) will determine Nessie’s size, her speed of 
travel, and whether she is, as various eyewitnesses and scientists have 
declared: (1) an elephant seal which swam in from the North Sea 
via the Caledonian Canal; (2) a hippopotamus; (3) a 50-ft. pre¬ 
historic reptile with a whiskery pinhead and eight scaly humps; (4) 
a giant squid; (5) “an abomination with a three-arched neck ; (6) 
a cold-blooded crocodile; (7) a cool fabrication. 
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Captain Munro is a 69-year-old sea dog who retired from the I 
Royal Nayy after 30 years’ service . . . His naval training prepared j 
him specifically for Nessie, for during the War he devised and car- 1 

ried out all British harbor defense against hostile submarines. ii 

i 

I 

Captain Munro’s proposed photographic and other apparatus 
should he able to produce recorded evidence which will 
determine Nessie’s nature if she exists at all. A series of 
photographs would make better evidence than hurried 
glimpses by frightened people. 

Ordinarily we should withhold our judgment of a tall story 
until there is more evidence than the tales of some untrained 
and inexperienced persons. Very often we can check in terras 
of known facts so that we can get some idea of whether or 
not the stray is probable. For example, the proposal that 
Nessie is a hippopotamus seems ridiculous when compared 
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with what is known about hippopotami. Where do hippo¬ 
potami live? In what kind of a climate? If one had escaped 
from a zoo, could it survive in Scotland? 

Try to find what seems to be another “tall story” in a recent 
newspaper. Bring your story to class. If'hat is your explana¬ 
tion of the story? 

3. What are we to believe about new discoveries in 
science? 

Often the reports of new findings made by scientists seem 
as improbable as the tall stories which find their way into 
the newspaper columns. For example, these things have 
been recently announced in the science magazines: the mak¬ 
ing of wool from fish products and cellulose after the fashion 
of modern rayons; the making of wool from the casein of 
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statement. If such a find is reported in Science News Letter 
as being announced by a famous astronomer, we are inclined 
to believe it possible and look for announcements of 
further evidence. If this finding is reported from the Lick 
Observatory in a scientific paper, we feel more certain. If 
then it is commonly accepted by astronomers other than the 
one making the find, we believe it until further evidence is 
presented which may disprove it. 

In cases where new scientific discoveries are announced we 
may well ask some questions. Who made the discovery? What 
training had this person in science? What is this institution? 
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Is it commonly recognized as having a good reputation? Who 
is responsible for the publication of the newspaper, magazine, 
or book in which the report is made? Is the organization 
publishing the report one of recognized honesty and scien¬ 
tific reputation? Is the announcement made for the purpose 
of getting the public to buy something? 

We are inclined to doubt aU claims to wonderful new 
scientific discoveries which appear in advertising in news¬ 
papers, magazines, or by radio. If such a discovery concerns 
us, all such claims should be checked by sources that are 
not interested in the report for profit. If the product is a 
medicine, check it with your family physician or your nearest 
public hospital. 

If an announcement of a famous discovery is found in the 
magazine section of a Sunday newspaper, try to find it in 
some magazine published by a group of scientists, or ask a 
trained scientist if he thinks that the discovery is possible, or 
probable. 

If a new scientific discovery is announced by a man known 
to be a scientist and is found in the ordinary news columns 
of a newspaper, or in a magazine devoted to science, accept it 
as a possibility, and look for later and added evidence which 
will surely be published within a reasonable time if the 
thing claimed is true. 

Find in a current newspaper or magazine a report of a new 
scientific discovery. Who has made the discovery? Is it likely 
that the report is true? Where did you find the story of the 
discovery? Is the story found in a piece of advertising? Is 
someone trying to sell the thing that has been found? 

4. How are things proved in science? 

It will help us to find what we can believe or what we 
can safely use if we understand something of the ways in 
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which scientists prove their findings. Frequently when we 
hear the expression, scientific method, we think of an ex¬ 
periment to demonstrate that a thing actually works as it is 
supposed to work. Instead of believing what someone tells 
us, or what we read in a book, we try out a process to see 
what happens. 

A famous story about Galileo is often told to illustrate the 
method of experimentation, or trial. At the time of Galileo 
(1564^1642), nearly all science was taught from the books 
of Aristotle. To prove a point, a teacher of science simply 
stated that Aristotle said it, and quoted a passage from one 
of Aristotle’s books. Among other things, Aristotle had said 
that objects of different size fall toward the earth at a rate 
in proportion to their weights. 

For some reason Galileo doubted this statement. He took 
cannon balls of different sizes up to the top of the famous 
leaning tower of Pisa and at the same time dropped them 
from the top. He found that objects of different weights 
struck the ground at the same moment; the rate of fall was 
not in proportion to their weights. He repeated his experi¬ 
ments until he was convinced by his evidence. He then went 
to the University of Pisa and invited his fellow teachers to a 
demonstration. These men watched the cannon balls of dif¬ 
ferent sizes dropped at the same time and saw them strike 
the earth at the same moment. They shook their heads and 
said, “But Aristotle says,” and went away disbelieving what 
they had just seen. You can imderstand why Galileo is some¬ 
times called the father of the experimental method of proof. 

Suppose that a friend says, “My roller skates are ball¬ 
bearing and will roll much farther than yours.” Instead of 
arguing the case, why not try the two kinds of skates and see 
what happens? Take one skate of each kind and start them 
from the top of an incline and see which rolls the farther. 
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Try this experiment several times before forming a con¬ 
clusion that the ball bearing skates will roll the farther. 

One Trial Not Enough. The scientist considers one trial 
of little value. The conclusion formed as a result of only one 
trial may be incorrect because of some error in observation or 
because of some interference which does not occur in other 
trials. An experiment is repeated until the observer is sure 
enough of the outcome to say that other trials in the future 
will come out the same way. 

The Need for Measurement. In most work in science, it 
is necessary to use some unit of measure in order that more 
accurate records can be made of the observations. If experi¬ 
ments are to be repeated, it is necessary to use the same 
measures for each repetition and to make the records of the 
experiment in the same units of measure. 

Ben says, “I can run faster than Martin.” Martin denies 
this. How can we find out which is right? The answer is, of 
course, to have a race. But immediately the question arises, 
how far are the boys to run? As soon as this question comes 
up, we have need for a measure. We can say the boys are to 
run from the edge of the sidewalk to the big oak tree. This is 
not as convenient a unit of measure as, for instance, a hun¬ 
dred yards, but it is a measure and can be used in the pro¬ 
posed experiment. If Ben covers the distance between the 
walk and the tree more quickly than Martin, we shall agree 
with his original claim. Perhaps we shall say the race should 
be the best two out of three, a repeated experiment. 

If some one wants to know how much faster Ben runs than 
Martin, or simply how fast Ben can run, we need another 
kind of measure. We need a unit to measure the time. For 
this purpose we use units called hours, minutes, and seconds. 
The instrument used is a clock or watch. With a watch we 
find that Ben covers the distance from the walk to the tree 
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ACCURATE MEASUREMENTS ARE NEEDED TO SOLVE SCIENCE PROBLEMS. 


in two seconds less time than Martin. To compare this with 
other records we need a measure that is commonly used by 
many different people as, for example, the yard. If we know 
how many yards Ben and Martin run in so many seconds 
we can compare their running with thousands of boys whom 
we have never seen. 

Tarn to your junior-high-school mathematics book and list 
the different kinds of measures that are described in if. Can 
you tell how each of these measures can be used in science 
work?. 

The Need for Records of Measurements. Much work in 
science requires the keeping of measured records for pur- 
poses of making comparisons. For these records to be of any 
value they must be made in terms of uniform units of meas¬ 
urement. Every observation must be taken as nearly as pos¬ 
sible under the same conditions. The instruments used must 
be tbe same, or must be carefully compared, to see that 
t ey produce the same units of measure. If you say to a 
fnend, “I’ll meet you at the front entrance to the school 
building at 8 o’clock,” it is well to compare watches to be 
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MANY KINDS OF INSTRUMENTS ARE DEVISED FOR MEASURINO. 


sure the two watches are near enough together to make it 
possible for both of you to keep the appointment on time. 

Many problems dealing with the weather require careful 
records made under the same condition's, with similar instru¬ 
ments, and in the same units of measure. Grandfatlier says 
that the climate is changing. The winters are not nearly so 
cold as they once were. Summers are hotter and drier. What 
do the records of the nearest station of the weather bureau 
show? Weather bureaus may have records of temperatures 
taken in the same units with a Fahrenheit thermometer at the 
same hour of the day on the same day for the last forty or 
.fifty years. An average of the readings for January 15 taken 
for five- or ten-year intervals should show whether or not the 
winters are getting any colder. 

A popular baseball hero is a great hitter. People say that 
he is much better than any other player of the last ten years. 
But is he? Newspapers have records made in terms of the 
number of hits in a definite number of games for all of the 
players in the major leagues for many years. A batting aver¬ 
age is a unit of measure. The newspaper records make accu- 
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rate comparisons of players possible. The question of whether 
the baseball hero is the best hitter can be definitely answered. 

How many cases of accurate records of observations can 
you find reported in this morning’s newspaper? Clip sample 
records for the school bulletin board. 

Controlled Experiments. Sometimes it is difficult to prove 
the solution to a problem because we cannot control all of the 
conditions for an experiment. This is true of feeding experi¬ 
ments with animals. When a scientist wishes to find the effect 
of some change in the diet of an animal, he feeds his new 
food combination to one or more animals of a given kind, 
perhaps white rats. He cannot be absolutely sure that changes 
in the conditions of the rata are due wholly to the changed 
feeding. To be sure he feeds other rats on a normal or 
standard diet while he is experimenting with the food of the 
first set. The rats fed the changed diet are called the experi¬ 
mental animals. The rata fed the normal food are called the 

control animals. In all other 
ways, except the difference in 

After some weeks, the scientist 
should be able to find whether 
or not the new feeding pro¬ 
duces any changes in his ani¬ 
mals. He can judge the effect 
by comparing the experimental 
animals with those of the con¬ 
trol group. 


feeding, the two groups of ani¬ 
mals are treated just alike. 
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THE UNIT OF MEASURE IS THE FIGURE 
IN THE PERCENTAGE COLUMN. DO YOU 
KNOW HOW THIS IS FOUND? WHY 
MAKE A RECORD OF THE STANDING OF 
RASEBALL TEAMS? 


This same process is used 
in trying to find out the effect 
of some forms of fertilizer 
upon growing plants of some 
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SCIJENTISTS HAVE RECOGNIZED THE VALUE OF A "CONTROL” IN AN EXPERIMENT. THE 
CRIB OF CORN ON THE LEFT IS THE CONTROL. THE CORN WAS GROWN ON PLOTS OF 
SOIL HAVING DIFFERENT TREATMENT. 


one kind. The experimental plants are treated with the 
new fertilizer. Alongside these plants are others not 
treated with this chemical but otherwise living under the 
same conditions. The second lot of plants form the 
control. 

In some simpler experiments a control is useful. Suppose 
a saleswoman says a piece of cloth does not fade in launder¬ 
ing. To prove this you ask for a sample of the cloth. You 
try laundering the sample to see the effect. By the time the 
whole sample is washed you cannot be sure of just how it 
looked before. It is much better to cut your sample in half 
and wash only one of the pieces. Use the other part of the 
sample as a control for your experiment. Judge the effect of 
laundering one piece by comparing it with an untreated piece 
cut from the same sample. Try this with a sample of cloth, 

5. Can we solve science problems for ourselves? 

Many kinds of science problems must be handled by people 
with years of scientific training. We cannot expect to get solu¬ 
tions to problems of this kind for ourselves. This is true of 
most of our health problems. Instead of diagnosing our own 
ills and treating ourselves according to our own notions, or 
with some nostrum or patent medicine bought at the nearest 
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drugstore, we consult a recognized physician or a sur¬ 
geon, or go instead to the clinic of a neighboring hospital. 

There are, however, a great many problems that can be 
solved at home. For example, a salesman says that the colors 
of a particular piece of cloth are sunfast. We can easily 
check this claim. Get <t sample of the material. Cut the sample 
in half. Keep one piece wrapped in brown paper in the shade. 
This is your control. Place the other piece in the sun every 
day for a week. At the end of the week compare the two 
pieces. 

What could you do with such a problem as this? Some one 
tells a “tall” story in which he claims that a dog can follow 
signals that make it necessary for him to distinguish between 
red and blue. Do you believe this? Can dogs tell colors? How 
would you set about trying to discover whedier or not the 
family dog can distinguish between colors? 

Two boys get into an argument about two kinds of bicycle 
tires. One boy claims that a tire that costs fifty cents less 
than another wears much better than the more expensive tire. 
The second boy claims that the expensive tire will wear 
longer. Do you think you could outline a method of settling 
this argument by a scientifically controlled experiment? 

A girl says that a piece of ribbon is silk. Another claims 
that the ribbon is rayon. Is there any way to find out of which 
material the ribbon is made? 

An advertisement in the local newspaper claims that there 
is a new chemical that when sprinkled on a lawn will kill 
dandelions without injuring the grass. Suggest some way to 
test this weed killer without danger of destroying the whole 
lawn if it turns out to be injurious to grass. 

We can use scientific methods to solve our own problems 
if these involve experiments that we are able to carry out' 
under home, conditions without elaborate apparatus of a 
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special kind, and if we understand the principles that are 
necessary for the experiment. Many problems that require 
accurate and careful observations, and records of these ob¬ 
servations to make comparisons, will be possible for you. 
This latter kind of problem solving can be carried out if the 
problem does not require especially complicated and ex¬ 
pensive measuring tools. 

6. How do we find answers to our own science problems? 

Our science problems often require a satisfactory answer to 
a difficult question. The solution to the problem may be known 
if we but know where to turn to find the answer. Such ques¬ 
tions can be answered frequently by people with training of 
a certain kind whom we call specialists. For health problems 
these specialists are physicians, surgeons, and those doctors 
who treat special cases, such as those concerned with eyes, 
ears, or teeth. For problems dealing with road-building the 
specialist is a civil engineer. An architect is a person with 
special training in planning houses or buildings. 

Many of our science questions can be answered by finding 
the proper reference in a book. Standard encyclopedias will 
answer many science questions. Find the names of the planets 
in our solar system from the school encyclopedia. 

School textbooks in science contain answers to many ques¬ 
tions. Facts about the nature of substances are found in books 
on chemistry; those about machines, engines, light, heat, and 
electricity in books on physics; those concerning rocks, min¬ 
erals, and the structure of the earth in books of geology; 
those about living things and their life processes in books on 
biology; those about plants in botany books; those about ani¬ 
mals in zoology books. With the help of your teacher get a 
collection of school textbooks in these sciences. Examine each 
one enough to learn the nature of the material usually pre- 
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sented in such a book. Report what you have learned to the 
class. You may wish to keep these books for reference. 

There are many popular books written about scientific dis¬ 
coveries, either for young people, or for people without spe¬ 
cialized training in science. Usually these books are more 
readily understood than the textbooks. Your high-school li¬ 
brary should have a number of these books. Ask your teacher 
to post a list on the classroom bulletin board. 

Reading Lists. If more science books are needed for your 
school library, some carefully selected book lists will help 
with the choice. The American Library Association publishes 
a science book list. The headquarters of the Association are 
in Chicago. Sections of the reading lists prepared by the 
National Council of the Teachers of English for junior-high- 

school pupils deal with books 
on aviation, nature, and science 
and invention. The title of one 
of these lists is Leisure Read¬ 
ing. It can be purchased from 
the National Council of the 
Teachers of English, 211 West 
68th Street, Chicago. 

The American Association 
for the Advancement of Science 
publishes a series of book lists 
on different science subjects. 
There are twenty-seven of these. 
They deal with such subjects as 
wind and weather; fishes, frogs, 
and reptUes; birds; animal 
life; plants; the earth and its 
wonders; wild flowers; chem¬ 
istry; and wonders of the sky. 
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LISTS OF RELIABLE AND TFORTH-WHtLE 
BOOKS ARE AVAILABLE FOR INTER¬ 
ESTED SCIENCE READERS. 



These lists can be secured free 
of charge for school use by 
writing to the American Asso¬ 
ciation for the Advancement of 
Science, Smithsonian Institu¬ 
tion Building, Washington, 

D. C. By paying a small fee the 
whole set may be secured for 
home use. 

If you live near a public 
library, you will find many of 
the books in these lists. The 
librarian at the loan desk will 
be glad to help you select the 
one which will best answer 
your questions. 

There are a few interesting and reliable science magazines 
that can be easily read by people with little training in 
science. Some of these are: The National Geographic Maga¬ 
zine, The Nature Magazine, The Science News Letter 
(weekly), and Hygeia. 

Several agencies of the Government publish bulletins for 
the information of the public. The most extensive list for 
general use is that of Farmers' Bulletins published by the 
Department of Agriculture at Washington. Many of these 
bulletins are just as useful to the city dweller as they are to 
the farmer. Some deal with selection of foods, growing back¬ 
yard gardens, lawns, garden flowers, insect pests of the house¬ 
hold, pets, household heating, paints, and plumbing prob¬ 
lems. A complete list of the bulletins can be secured from 
the Department of Agriculture. Some of these are free and 
others can be bought at a small price. 

Write to the Department of Agriculture in Washington, 
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MANY “farmers’ RDLLETINS*’ARK ALSO 
USEFUL FOR CITY DWELLERS. 




THE FLANETARIUH IS A NEFF TWE OF MUSEUM FOB THOSE INTERESTED IN THE 
STARS. HAYDEN PLANETARIUM IS LOCATED IN NEW YORK CITY. ANOTHER EXCELLENT 
MUSEUM OF THIS TYPE IS FOUND IN CHICAGO, ILLINOIS. THERE ABE ALSO PLANE- 

lARIUMS IN SOME EUROPEAN CITIES. > 


D. C., for a list of Farmers’ Bulletins. Make a list of useful 
bulletins. Buy these for use in your class. Bulletins that are 
to be bought from any agency of the Government are pur¬ 
chased from the Superintendent of Documents. 

Museums, Cardens, and Zoos. If you are curious about 
plants, or animals, or scientific inventions, there are many 
fine museums, zoological gardens and botanical gardens that 
you can visit. Famous museums are the New National 
Museum at Washington, D. C; the Field Museum in Chicago; 
and the American Museum of Natural History in New York 
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City. Famous botanical gardens are: The Missouri Botanical 
Garden in St. Louis, the Brooklyn Botanical Garden, The 
New York Botanical Garden, and the Arnold Arboretum of 
Harvard University at Cambridge, Mass. Famous zoos are 
the Bronx Zoo (New York Zoological Garden) in New York, 
the St. Louis Zoo, the Washington Zoo, the San Diego Zoo, 
and the Cincinnati Zoological Garden. You may know other 
fine museums, zoos, and gardens. Find the nearest ones to you 
and make an effort to visit them as often as possible. Post a 
list of those near you on the classroom bulletin board. 

7. How can we experiment at home? 

We hear often of the investigations of scientists working 
with complicated apparatus in expensive laboratories. We 
may get the idea that it is impossible to carry on experi¬ 
ments without expensive equipment. It is possible to carry 
on many experiments with very simple apparatus. We may 
not be able to discover any important new truths which 
scientists have not known before, but we can learn very much 
for ourselves, and sometimes prove to our own satisfaction 
the solutions to many perplexing problems. 

A home shop or laboratory requires but little space, and 
you can add to the equipment from time to time. An old 
table or bench with a top that can be scrubbed is the first 
necessity. A piece of sheet metal or a scrap of linoleum 
makes a good cover for such a work table. A small vise is 
useful. You will want a few tools—a hammer, screw driver, 
pliers, hacksaw, and perhaps an electric soldering iron. An 
outlet for connecting electric appliances is desirable. If you 
experiment with electric toys, a bell-ringing transformer can 
be attached to this outlet. You will want good light from a 
window or a properly shaded electric lamp. Most people 
want a bookshelf over the work table for keeping reference 
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books, catalogues and apparatus not in immediate use. 
A stool or chair may be needed for convenience in working. 

Other equipment will depend upon what your hobby may 
happen to be. Many simple scientific experiments can be 
carried on with apparatus from the home kitchen, the ten- 
cent store, or even from the basement junk box. Turn to 
pages 29 and 30 and look at the suggestions for experi¬ 
ments that you are able to do with very simple equipment. 
Some of the books in the reading list at the end of this unit 
will give many other similar suggestions. 

Many of you know of the commercial sets sold for home 
experimenters in hardware stores and in the toy sections of 
department stores. These include combinations of pieces for 
making mechanical toys, chemistry sets, and electrical sets. 
Some now include cheap microscopes. The sets contain in¬ 
struction books telling how to use the equipment. You can 
learn many things with these. Ordinarily, the apparatus con¬ 
tained in them is rather poor, and costs more than a similar 
amount of like material would cost if you knew where and 
how to buy it. In class you may be able to plan or put to¬ 
gether a science kit of your own which will be much more 
serviceable. The advantage in the commercial sets is that 
they are already assembled and include many suggestions. 

If you are interested in aquatic or sea creatures, you may 
like an aquarium. Perhaps you are used to hearing this word 
applied only to large institutions where fish are kept and 
exhibited. But your fishbowl is an aquarium too. Begin with 
just a small one until you have learned how to keep your 
fish alive under the conditions in your home. A simple 
aquarium can be set up in a straight-sided battery jar that 
will hold a gallon or more of water. This is better than the 
small globe-shaped fishbowls. Often the jars used for cells 
in home-lighting plants can be bought at a junk yard for ten 
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cents each or at small cost. After they have been thoroughly 
cleaned, these jars make excellent containers for aquaria. 

Plants of some kind can be grown in almost any situation. 
If you live in a heated city apartment with very dry indoor 
air in winter, you may like to start a collection of small 
desert plants. 

Perhaps you would rather try a small balanced vivarium 
in which you grow plants under a glass cover so that the 
moisture inside is constantly controlled. (You can discover 
for yourself the meaning of vl-var'i-um if you remember 
that the same word base is used in such words as vivify of 
revive.) If you have a yard, there are almost endless possi¬ 
bilities in different kinds of plants. One girl, a friend of the 
authors, specializes in growing different kinds of gourds. 

If you like to work with electricity, there are many small 
electrical appliances that you can build, such as telephones, 
telegraph instruments, doorbells, buzzers, burglar alarms, 
motors, and radio receivers. Almost any seventh-grade boy 
or girl is able to build a crystal radio receiver. This requires 
no electric current of its own, and will receive programs from 
stations within thirty miles of your home. Dii'ections for 
making these simple receivers are included in nearly all of 
the radio books for beginners. If you are more ambitious, 
you can almost as easily, but with more expense, make a 
one- or two-tube set. 

You know, of course, that you can learn many things about 
light and photography and some things about chemistry if 
you are interested in taking pictures. A simple box camera"*^ 
will give you a good start. You will want to turn your home 
workshop into a dark room for this. 

It is now possible to buy an..inexpensive microscope for 
home use. With this instrument you are able to become ac¬ 
quainted with the creatures that may live in a drop of pond 
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YOU CAN HUNT BIRDS WITH A F1BI.D CLASS IN A OTY PARK. THIS PICTURE SHOWS A 
CORNER OF BRONX PARK IN NEW YORK CITY. 


or aea water, with the minute parts of insects, with the 
corpuscles in your own blood, and with many other things 
that were hidden from people for thousands of years. 

Those who live on the edge of town or near a city park 
can learn to identify plants and birds. Begin with the trees 
that you find in your community, with shrubs in the park, 
or with cultivated garden flowers. If you like to hunt birds, 
an inexpensive field glass will help immensely. Keys for 
identifying trees, wild flowers, or birds are for sale in almost 
any book store. The titles of some good ones are contained 
in the book lists of the Americaii Association for the Advance¬ 
ment of Science mentioned on page 24. 

Plan a science class hobby day on which members of the 
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THOMAS AlVA EDISON WAS AN DNUSDAL SCIENTISI. TODAV YOUNG SOENTISTS MUST 
HAVE MOKE SCHOOL AND UNIVEKSITY nUINING THAN EDISON HAD. 


class make reports and show exhibits of science hobbies car¬ 
ried on outside of school. Post the progi-am for these on the 
classroom bulletin board two days before the event is held. 


8. Who are scientists? 


Perhaps if you do the thin^ which we have just dis¬ 
cussed, you will want to be a scientist, or perhaps call 
yourself a scientist, just as young people who take correspond¬ 
ence courses in detective work like to pretend to be detec¬ 
tives. Can you be a scientist on your own account with home 
equipment? Perhaps we had better say that you can be an 
amateur scientist, but not a professional. 

The knowledge and the methods of work which we now call 
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science have become so extensive that it requires years of 
training to know very much about any small division of 
science. Most scientists today are trained in colleges and uni¬ 
versities. Just graduation from a four-year college is usually 
not enough. Most of our professional scientists have graduate 
degrees. They are doctors of science, or doctors of philosophy. 
The abbreviations are D.Sc. or Ph.D. Physicians and surgeons 
are doctors of medicine, M.D. Graduate engineers have spe¬ 
cial degrees in engineering. To receive such distinction re¬ 
quires at least three years of graduate study beyond the work 
of the four-year college. Many of these men have had con¬ 
siderable experience in laboratories, hospitals, or on research 
expeditions. 

Persons who advertise themselves as scientists, but who are 
without the training which we have described, are often 
frauds or imposters. Before trusting a “scientist,” it is wise 
to find out what kind of training he has had and where. There 
• are dishonest people, >vith good training in science, who mis¬ 
use their knowledge to impose on others. Probably these are 
relatively few, so that a knowledge of the training of a man 
is a fairly good index of whether or not he is a scientist. 

There are a few people who have not had the kind of col¬ 
lege and university training usually expected of scientists 
who, by hard work and a great amount of study, have become 
respected scientists. Such men as Thomas A. Edison and 
Luther Burbank are naturally spoken of as scientists although 
they acquired most of their training outside the schools. 

The scientist tries to find out new things about the world in 
which we live or to find new uses for those thing s about the 
world that are now known. The work is nearly always inter¬ 
esting and often fascinating. Perhaps you think that you 
would like to become a scientist. 

To be a scientist you will need to have good ability to do 
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A MODERN TRADE SCHOOL OmDS OPPORTOKITIES TO PERSONS WHO DO NOT WISH 
TO BECOME PROFESSIONAL WORKERS IN SCIENCE. 


school work. Your work will need to be better than that of 
the average of your schoolmates. You will need to like the 
kind of things with which you expect to work as a scientist. 
If you wish to be a botanist, you must want to work with 
plants. If you want to be a surgeon, you must be concerned 
with the structures of living people. If you want to be an 
engineer, you must be interested in engines, machines, or 
electrical apparatus. Your marks in science courses, begin¬ 
ning with this one and running on through high school and 
college, should be high. If you make a poor record in high 
school and later on in beginning college, you will find it prac¬ 
tically impossible to enter any medical school in the counlrv 





or moat of the better engineering colleges. Those who enter 
these institutions will profit from good preparatory training. 

Many kinds of scientific work require frequent use of 
mathematics. If you have an ambition to be a scientist, you 
will need to be able to do good work in mathematics. This 
should begin with your upper grade arithmetic or junior-high- 
school mathematics. You will need to do as much work as you 
can in mathematics in high school and continue this training 
in college. ' 

A scientist needs to learn to be honest about what his 
experiments or observations show. Many of us would like to 
bend our thinking in die direction of the thing we want to 
prove or want to believe. The scientist must learn to accept 
what he finds whether or not it is the thing which he wants 
to find, or wants to believe. If you cannot learn to have this 
attitude, you will not make a good scientist. Perhaps you 
can bepn to look at things in the light of what the evidence 

shows, instead of in the light of 
your own wishes. If you can do 
this, you will make a beginning 
in one very necessary kind of 
training which a scientist must 
have. 

If you are keenly interested 
in the things of science, but for 
some reason do not care to be¬ 
come a professional worker in 
science, there are other things 
that you are able to do. You 
can learn many interesting 
facts for yourself, and can 
profit by some school courses 
in science. There are also 
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many occupationa dealing with science applications that do 
not require the intensive training that is needed by the pro¬ 
fessional scientist. If you cannot be a professional engineer, 
you might succeed as a radio-service man, as an air-condi¬ 
tioning worker, as a refrigerator-service man, or as a garage 
mechanic. If you cannot be a botanist, you might become an 
expert gardener, or a florist. We have so many uses for the 
findings of science today that almost anyone who is interested 
can find some employment in work that is connected with 
scientific development. 


THINGS TO DO 


THERE ARE TRADES FOR GIRLS TOO. 


1. Make a table of good and bad happenings for yourself. 
Fill in this table with the important things that you 
remember as happening to you for the past two weeks, 
noting only those things that seem unusually good or 
those that seem to you unfortunate. Break a cheap mir¬ 
ror. Keep your good and 

bad happenings record for 
two weeks more. Report 
whether you find any dif¬ 
ference in the list for the 
two weeks after mirror 
breaking and that for the 
two weeks before. 

2. Bring to class a piece of 
modern advertising which 
seems to try to build up a 
superstitious belief in the 
value of some adver¬ 
tised product without pre¬ 
senting good scientific 
evidence, which will jus¬ 
tify its claims. 
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3. Can you describe some problem which you could solve 
by keeping accurate records of observations made for 
several days or weeks? 

4. Make a list of new science books that you would like to 
have in your school library. Ask the teacher to check 
this list with you. 

5. Arrange to have a trained scientist, physician, .or en¬ 
gineer in your community visit the class and describe 
the training which workers in his field must have. 

6. Make a list of the parents of pupils in your science class 
who have been trained as scientists. Do not forget the 
mothers of pupils. Many women have good scientific 
training. 

7. Ask pupils in your class who have science sets like those 
described on page 28 to bring these to class and dem¬ 
onstrate what can be done with them. 

8. Make a list of science books which you would like to 
purchase for your own library. Ask your teacher to tell 
you which of these you can read. 

9. Examine ten different science magazines. Which of 
these do you prefer to read? Which does your school 
have? Ask your teacher to suggest which are most likely 
to be reliable. What reasons does the teacher give for 
his suggestions? 

SOME THINGS TO REMEMBER 

1. Instead of accepting a coincidence, or a superstitious 
explanation, the scientist tries to find a natural cause for 
each happening and to prove with evidence the relation¬ 
ship between the apparent cause and effect. 

2. Much modern advertising tries to establish superstitious 
beliefs in the value of trade-marked articles. 

3. It is possible to check a “tall story” in terms of the 
known facts, or to submit the story to experiment to 
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prove its truth or falsity. Often it is necessary to con¬ 
sult experienced persons in order to reach a conclusion. 

4. Many scientific discoveries are as marvelous as fairy 
tales. We trust the honesty of the scientist, or the reliabil¬ 
ity of the publication making the report, in determining 
whether we shall believe in the discovery. 

5. The scientist tries to prove solutions to problems by 
ti-ying out processes under controlled conditions. 

6. Much scientific work is done by making careful and 
exact observations which are recorded for making com¬ 
parisons. 

7. Measurement is necessary for making exact observa¬ 
tions. 

8. A control is often needed to check observations. 

9. It is possible for us to get evidence to prove the solutions 
to many of our homely everyday problems. 

10. Many answers to scientific questions can be found in 
reliable books and magazines. 

11. There are lists of science books that can be used as 
guides in selecting reliable books. 

12. Much reliable scientific information can be secured 
from agencies of the Federal Government in Washing¬ 
ton, D. C. 

13. There are many kinds of scientific activities that can 
be carried on with simple and inexpensive equipment 
at home. 

14. Many years of school experience are necessary to train 
a science specialist. 

15. Persons who claim to be scientists and have little school 
training are often frauds or impostors. 

16. It is possible to learn many things in science and to have 
scientific attitudes without being a highly trained spe¬ 
cialist. 

17. Anyone who wishes to be a scientist will have to learn to 
be absolutely honest in all observations, 
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UNIT TWO 


Learning About the Earth Beneath Our Feet 

What This Unit Is About 

Have you ever wondered about the spot of earth be¬ 
neath your feet? As you stand on a pavement, do you won¬ 
der what is under the pavement? When you look at the 
grass in your lawn or in the city park, do you have ques¬ 
tions about why the grass grows so well there and not so 
well in other places? When you sift the sand through your 
lingers at the beach, do you ask where the sand comes 
from? In looking at the pale, cold moon on a clear night, 
do you wonder why many beings live on the earth, while 
the moon is without life? 

With modern means of travel, we are likely to begin 
to believe that after all the earth is not so big. How large 
is the earth? What can we find out about the dirt under 
our feet? What is soil? How does it happen that things 
can live on the earth? Can we do anything to the surface 
of the earth to make it a pleasanter place in which to live? 
These are some of the things that the material in this unit 
may help you to find out. 

You should be better able to enjoy a walk through the 
park, or along a country lane, if you know more about 
the earth under your feet. You might be able to have a 
better garden or lawn if you knew what makes a suitable 
soil. Perhaps you can have a better trip to the beach or 
the mountains if you know about sand, pebbles, and rocks. 
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Learning About the Earth Beneath Our Feet 


UNIT PROBLEMS 

1. How big is the earth? 

2. What can we learn about the earth by looking at the 
outside? 

3. How thick is the earth’s crust? 

4. What is soil? 

5* Why is the earth a suitable place in which to live? 

6. What is the difference between good and poor soil? 

7. How does water get into the soil ? 

8. Where do rocks, sand, and gravel come from? 

9. What is clay? 

10. What kinds of soils make good lawns and gardens? 

11. How are roads made over the surface of the earth? 

12. How are good house foundations made? 

The Earth as We See It 

If you stand outside on a clear dark night and look up 
at the uncounted stars spread across the depth of the sky, you 
are likely to be lost in helpless wonder. What are these points 
of light? How do they happen to be in the sky? How big are 
they, and how far away? What do they have to do with you? 
Next morning you come out of the front door hurrying on 
the way to school. Do you wonder about the earth upon which 
you walk? The earth and its surface crust are so much a part 
of our daily living that we take them for granted and often 
forget to ask questions about them. These very things that 
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IT IS DimCUlT TO GET AK IDEA OF THE EAIITH’s SUItFACE UY STANDING IN ONE 
SPOT. IN ILLINOIS MANY FIELDS AIIE PLANTED IN CHAIN. 

seem so natural to us make it possible to exist on the earth’s 
surface. What can we find out about the top crust of the 
earth? Is there anything that we can do to make the surface 
of the earth contribute more to our own living? 

1. How big is the earth? 

It is hard to get an idea of the earth by standing on one 
spot and looking at it. A part of this difficulty is due to the 
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CONTRAST THIS PHOTOGRAPH OF YELLOWSTONE FALLS IN WYOMING WITH THB PLAT 
ASPECT OF THE LANDSCAPE PICrtlRED ON THE OPPOSITE PACE. 

fact that it is possible to see such a small part of it at any 
one time. As you have heard all of your life, the earth is 
shaped like a large ball. If you look out over a farm or a 
golf course, this does not seem to be true. Except for hills and 
valleys, the earth looks flat. If you read the tales of our 
ancestors, you will find that many of them believed that the 
earth was a flat surface and that, if a traveler went far 
enough, he would fall off the edge. 






THIS PHOTOCBAPK WAS TAKEN PBOM A BALIOON 14 MILES ABOVE THE SUBPACE 
OP THE EARTH. 


If you were sufficiently high above the earth, you would 
be able to see a part of the curve of its surface. Until very 
recently no one has been able to get up high enough to see 
this. Other evidences have been given to prove tliat the 
earth is ball shaped. Some of these are: (1) The sky appears 
curved and seems to come down to the earth at the horizon. 
(2) The shadow of the earth on the moon at the time of an 
eclipse is curved. (3) If you start to travel in any given 
direction and travel long enough, you come back to the 
starting place. In other words, you go around the earth. 

Just recently some daring men have been able to get up 
far enough above the surface of the earth to see its curving. 
In our country. Captain Stevens and Captain Anderson went 
up in a large balloon nearly fourteen miles above the surface 
of the earth. They could then see enough of the earth’s surface 
at one time to see that it is curved. Photographs were made 
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T vbu EXAMINE THE riCTUKE CAllEnjIXY YOU WIU SEE THE CUBVATUHE DE THE 

earth's surface. 

on this famous flight. One of these pictures is shown above. 
If you examine the picture you will be able to see the curva¬ 
ture of the surface of the earth. 

The eailh, measured at the equator, is just about 25,000 
miles around. The equator is an imaginary belt around the 
earth halfway between the north and south poles. If you will 
examine the school globe, you will find the poles and the 
equator marked on it. If you could drive the family auto¬ 
mobile around the earth at the equator, the trip (driving at 
the rate of fifty miles an hour for ten hours each day) would 
take about fifty days. A large city seems to be only a spot on 
the earth’s surface. The printers’ marks on maps of. the world 
exaggerate the sizes of cities because it is impossible to make 
any mark on a small scale map which is not too large to 
represent the actual size of the city. A 160-acre farm is, 
comparatively, smaller than a pin prick on the earth’s surface. 








The area of the earth’s surface is estimated to be 
50,265,600 square miles. Find in the school encyclopedia or 
atlas the estimated area in square miles of the state in which 
you live. What part of the surface of the earth is formed by 
the area of your state.^ 

Maine 33,040 sq. mi- .0006 of the earth’s surface 

' Missouri 69,415 sq. mi. .0014 of the earth’s surface 

California 158,297 sq. mi. .0031 of the earth’s surface 

How many miles is it across your state from east to west? 

How long does it take to cross the state in an automobile 
driving at the rate of forty-five miles per hour? If it were 
possible to drive an automobile around the earth at the 
equator, how many hours would it take to drive around the 
earth, driving at the same rate? Why can’t you drive an auto¬ 
mobile around the earth at the equator? Find on a good globe 
the various things that interfere with driving around the earth 
in an automobile. 



A. FAR LARGER PART OF THE EARTH’S SURFACE IS COVERED WITH WATER THAN WITH 
DRY LAND. THE OCEANS COVER ABOUT THREE QUARTERS OF THE EARTH. 
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2. What can we learn about the earth by looking at 
the outside? 

Suppose that we examine a part of that portion of the 
earth’s surface which we see for ourselves. What can we see? 

If you look down at the ground in the schoolyard or in the 
backyard at home, you will see soil or dirt. In large amounts 
we speak of this material as land. The farmer in buying a 
farm speaks of buying so much land. Here and there you can 
find large rocks rising out of the land. Sometimes piles of 
rock are large enough to become hills or mountains. 

Besides the land which we can see, there is water on the 
surface of the earth. If you travel far enough in any direction 
you will finally come to a place where the earth’s surface is 
covered with water. As a matter of fact a larger part of the 
earth’s surface is covered with water than with dry land. 
The large oceans cover nearly three fourths of the earth. 

Another part of the earth’s surface that we do not see 
directly, but which we can feel and examine in many ways, is 
the layer of air that surrounds the whole earth. The air is 
just as much a part of the earth’s outer covering as the soil 
and water. This layer is thought to be at least two hundred 
miles thick and soon thins out into the emptiness of space. 

We can see by looking at small parts of the earth’s surface 
in many places that the earth is surrounded by a layer of 
air; that much of the surface consists of land; that in many 
places enormous masses of rock are thrust up through the 
land; and that much of the surface is covered with water. 
Added to this we observe that much of the land surface is 
covered with living plants. Among these plants can be found 
a great variety of living creatures. 

Take a walk to some place away from tall buildings and 
pavements where you can look out at the earth. A city park 
will serve, if you live in the city. Take with you a pencil and 

47 



a Tiotebook or piece of paper. List all of the facts about the 
surface of the earth that you can discover by looking at it. 
Bring the list to school. Make a blackboard list of all the 
facts that the class gathers by putting together all the things 
in the lists of several pupils, 

3. How thick is the earth’s cmst? 

The outer part of the land which we see is often called the 
earth’s crust. If we dig down through the outer softer layer 
on top, we soon come to solid rock. In some places the rock 
sticks through and no digging is necessary; in other places it 
may be many feet to the rock. This outer rock is also con- 

THE HIGH MOUNTAINS OP GOLDEN CANYON, CALIFORNIA, ARE MERE WRINKLES IN 

the earth’s surface as compared with the total size op the earth. 











IffHAT PROCESSES ARE STILL ACTING TO 
CHANCE THE NATURE OP THE MATERIALS 
SHOWN IN THIS PICTURE? 


sidered as a part of the crust. 

It is believed that the interior 
of the earth is some very hard 
rigid material, probably iron 
■ and nickel. How far it is neces¬ 
sary to dig to get to this sub¬ 
stance is not known exactly. 

It is possible to get some 
idea of the thickness of the rock 
crust in another way. The sur¬ 
face of the earth is not smooth. 

If you travel along the high¬ 
way, there are mountains and 
valleys. In places there are 
great mountains. In other 
places there are holes or deeps. 

Most of these are filled with 
water, The greatest deeps on 

the earth’s surface are beneath the water of the oceans. 
How high and how deep are these places? The highest 
mountain known is Mount Everest. It is about five and one 
half miles high. The deepest holes in the ocean are about as 
deep as this mountain is high. This would make the difference 
between the greatest height and the deepest hole in the crust 
about eleven miles. At first this seems to be a very large 
amount. Compared to the size of the whole earth, mountain 
ranges and deep holes in the ocean floor are only small 
wrinkles. The ridges in the skin of an orange are larger by 
comparison than mountains on the earth’s surface. 

4 What is soil? 

Nearer to us than mountains and ocean deeps is the eatth 
under our feet. Sometimes we speak of the loose surface 
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layer upon which we walk as dirt. Perhaps a more polite 
term is soil. What is soil? The greater part of the soil is 
ground-up rock. This doubtless seems reasonable to those of 
you who live in rocky and hilly country or near streams that 
carry sand and gravel along their beds. To those of you who 
live on plains or prairies with not a rock in sight this may 
seem farfetched at hrst. At some time every part of the earth’s 
surface was covered with rock. The soil has been formed by 
breaking up this rock material. Rocks are now in the proc¬ 
ess of being broken up into soil by the various forces of 
nature. 

' The various forces and materials, which we speak of as 
weather and climate, are the mills that have done much of 
the grinding. The movements of the oceans scorn the rocks 
along the shore. As soon as small pieces break off these help 
to scour the surface of the rock that remains. Rivers cut into 
the surfaces over which they flow. In colder regions, rivers of 
ice called glaciers grind the rock in their beds. Winds pick 
up small particles and carry them to other spots or drive 
them against exposed rocks to wear away new pieces. The 
heating and cooling of the rock surfaces with the following 

WHAT CONDITIONS NECESSAHY FOR AN ABUNDANCE OF LIFE ARE PRESENT IN ONE 
OF THESE PICTURES THAT ARE LACKING IN THE OTHER? 





WHAT MAKES THE DOTEBEffCE BETWEEN COOD SOIL AND POOB SOIL? 


expanding and contracting of the substances tend to crack 
larger stones into smaller ones. Rains dissolve certain chemi¬ 
cals from the crust. The solutions formed often react with 
other chemicals in rock so that further wearing away takes 
place. All these processes tend to break up the older rock 
crust of the earth into finer rock particles, gravel, sand, and 
clay. 

Rocks, gravel, sand, and clays are often white, yellowish, 
or red in color. Many soils are black, gray, or brown. The 
darker color of the soil is largely due to the presence of 
decayed matter from dead plants and animals. This can be 
seen in a wood lot where leaves from the trees have been 
undisturbed for several years. The top layer of soil just 
under last year’s leaves will be leaf mold and black in color. 
Dig down a foot or so and a lighter colored soil will be 
found which contains less decayed plant material. 

GatJier as many different samples of soil as you find in 
your neighborhood. Dry these and separate them as well as 
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you can. What is in these samples? In what ways are the 
samples different? What makes the difference in the samples? 

5. Why is the earth a suitable place in which to live? 

The soil on the earth interests us because living things 
grow in it. A bare rock exposed to the constant glare of a 
summer’s sun is not a place to stay for very long. Soil is a 
better substance for living things than a bare rock. Why? 
One of the reasons is that the soil is porous, full of small 
holes. Through the pores, or holes, in the soil air and water 
circulate. All living things must have water and oxygen from 
the air. This raises the question of the conditions on the earth 
which seem to make possible the kind of life which we know. 

Of course the sun is too hot for living creatures. Even 
from its vast distance, it radiates too much heat for living 
things on the earth, unless they have some protection. It is 
the air on the earth that actually supplies this protection for 
animals and plants. A certain amount of heat is necessary 
for life. Too great an amount or too little interferes with life. 
The layer of air about the earth, which helps tp temper the 
heat from the sun, makes life possible on the earth. 

All living things that we know contain water. The earliest 
living things on the earth are thought to have grown in water, 
probably in the sea. Today most water on the surface of the 
earth contains living organisms. Under the microscope, a 
single drop of pond water is found to have in it many very 
small moving creatures. Water is a part of all things that live. 
It is also the means by which food materials are carried into 
all the parts of living plants and animals. Foods to become 
useful most be dissolved in water. 

A certain amount of heat, water’, and air are necessary for 
life. Where these are supplied in the right amounts there is 
abundant life on the surface of the earth. 
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When we think of soil in connection with living things we 
most often think of the plants that grow in the ground. These 
plants must have water and air just as must all other things 
that live. The air comes from the atmosphere about the plant. 
The soil contributes something besides the water contained 
in its pores. The plants must have certain building materials 
other than the water and carbon dioxide from the air. (See 
also, pages 54-55). These building materials are to be 
found in the soil, dissolved in small quantities in the soil 
water. They are taken into the plant along with the water 
which comes in at the roots. Since all animals either eat 
plants, or animals that live upon plant material, we can 
readily see that we depend upon plant life for our food 
materials. Many plants must have soil in which to grow. In 
this sense all of us are indeed creatures of the earth. 

6. What is the difference between good and poor soil? 

We know when we think about it that many plants grow 
in some places and very few grow in others. Part of this is 
due to the general conditions which we call climate, and not 
to the soil. Few plants grow in deserts. However, desert places 
can produce a multitude of plants if enough water is pro¬ 
vided. Two fields lying alongside one another produce dif¬ 
ferent amounts of plant growth. Your lawn may be covered 
with fine grass. Your next door neighbor’s may be as bare 
as the street. Both are in the same general climate. Perhaps 
the difference is due to differences in the soil or to ways in 
which the soil is treated. 

A good soil must be loose and open enough for air and 
water to circulate through it. The roots of plants must be able 
to get down into the earth. A brick is made of earth materials. 
Although most bricks are open enough for some air and 
water to get through, they do not make good plant beds. 
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Plants do not grow well in a packed and beaten roadway. The 
farmer tries to improve the condition of the top layer of the 
soil by plowing it and breaking tbe large clods into finer bits 
with a harrow or some other tool. 

Good soils contain comparatively large amounts of the 
soil materials most needed by the plants as building ma¬ 
terials for their various parts. Poor soils contain smaller 
amounts of these substances. Three kinds of substances are 
needed by plants in considerable quantities. These are com¬ 
pounds containing the chemical elements (see pages 225-228) 
nitrogen, phosphorus, and potassium. Compounds of other 
elements are needed in smaller quantities. Some soils contain 
enough of two of these compounds and are lacking in one 
of them, and so on in varying degrees. 

Under natural conditions the plants in a given place live 
and die there. The dead parts fall on the earth and the sub¬ 
stances taken from the soil through their roots go back into 
the soil. In this way a good soil would almost always continue 
to be a good soil. 

If plants grown on a piece of land are taken away for 
use, the materials removed from the soil by the plants are 
not returned to the soil. As a result, the soil on this piece of 
ground becomes poorer and poorer from year to year as the 
crops are taken away. Removing the plants also exposes a 
piece of land to washing from rains and the tiny streams 
which form on the ground during a rain. This tends to carry 
away the needed parts of the soil. 

We can understand how all this works in a small backyard 
garden. To make the garden in the first place we dig up the 
top layer of soil. In doing this we dig up and destroy the 
plants there that we do not wish to continue to grow in the 
garden. Suppose we wish to grow lettuce, beans, and tomatoes. 
We plant these in rows and hoe out all other kinds of plants. 
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PICTURE TO THE LEFT SHOWS THE EFFECTS OF THE PLOW IN A J)RY CLIMATE; THAT 

TO THE RIGHT THE EFFECTS OF THE PLOW ON A SLOPE IN A MOIST CLIMATE. 

When the lettuce plants are grown we cut them off and eat 
nearly the whole of them. Almost none of these go hack to 
the soil. We eat the fruits and seeds of the ripened beans and 
tomatoes. In the fall we cut off the bean and tomato vines and 
burn them to get them out of the way. 

The summer rains wash away part of the top soil as 
there is nothing between the rows to cover it. In the winter, 
if the garden is left bare, more soil is lost. If our garden is 
on a hillside, we can see the little ravines that form. In a 
single season the top edge of the garden becomes noticeably 
lower than the edge of the lawn above. If we continue to 
garden in this fashion, tomatoes and beans will be fewer from 
year to year. The lettuce plants will be smaller and the 
tomatoes dwarfed. 

After a while the soil of the garden becomes too poor to 
be worth working. We would now proceed to make a garden 
in a new place. The old garden will look bad and the rains 
will wash it full of gullies. Suppose that our yard is small 
and we cannot find another place to garden. It would he 
better to try to keep the soil in good condition from the 
beginning. To do this, we tiy to add materials to replace 
those removed by the plants that we have used. These ma¬ 
terials that we add to the soil are called fertilizers. Sometimes 
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decayed plant and animal wastes are added and sometimes 
ground-up chemical substances are used. In addition we plant 
a fall crop of some kind to keep the top soil of the garden 
covered during the winter when we do not grow garden crops. 
In this way we can keep our garden going for a long time. 

From hooks and bulletins on gardening, find out the kinds 
of soils needed for vegetable and flower gardens. How can 
soils be improved for growing plants? Can you explain why 
these treatments improve the soil? Make a four-minute report 
to the science class. An exhibit of materials will help your 
report. 

7. How does water get into the soil? 

Good soil is dependent upon its water supply. There 
must be enough water for the land hut the soil must hold it 
during diy periods. Surplus water must drain away, as many 
plants do not grow in swampy land. Given a proper water 
supply and drainage, much of the soil over the surface of the 
earth can be called good soil. 

Water first gets into the top layers of soil from rains. If 
the top of the earth is loose and porous, much of the rain 
water soaks down through it. If the top is packed and hard, 
more of the rain runs off into near-by ditches and creeks. 
The rain water that soaks down through the soil is stored in 
the pores of the soil very much as water that is poured on a 
dry sponge may he held in the pores of the sponge. Get a 
large sponge and see how much water you can pour into it 
if you pour slowly, a little water at a time. 

The sun and wind dry off the top of the soil by the process 
which we call evaporation. When this happens the soil water 
rises from below through the pores to the upper layer. The 
process by which this goes on is called capillarity or capillary 
attraction. If a small tube is plunged into water, the water 

56 



will rise higher in the small tube than the level of the water 
around it. This is due to capillary attraction. You can see 
this same thing happen in a lamp wick. If you will suspend 
a thick wick in a pan of water, water will rise to the top, of 
the wick through the pores in the cloth. Water rises in the soil 
very much aa water will rise in the wick, as long as there is 
a supply of water in the lower layers of the soil. 

Most often we think of the upper layer of the earth’s crust, 
in which we find the roots of the shallower-rooted plants like 
grass and the garden vegetables, as the soil. Below this soil 
is found the subsoil. This can be seen by digging a hole a 
foot or two deep and examining the material at the bottom 
of the hole. The nature of the subsoil varies in different 
places. Sometimes it consists of clay. In other places it is 
made up of broken rock, gravel, or sand. The kind of subsoil 
under the upper soil layer has much to do with the reserve 
water supply for growing crops. 

8. Where do rocks, sand, and gravel come from? 

The great masses of rock 
which jut out from the sides 
of mountains, were perhaps 
parts of the original outer 
shell of the earth formed as 
the earth cooled, a very long 
time ago. Perhaps they were 
formed later from layers of 
earth, plant, or animal ma¬ 
terial deposited in water and 
turned into rock by heat 
and pressure. Some of these 
great rock masses have been 
broken up into smaller 



WATER RISES THROUGH THE PORES IN THE 
SOIL IN THE SAME WAY THAT WATER RISES 
IN CAPILLARY TUDES, 
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pieces by the processes described on page 50. The smaller 
earth material rolls down the hillsides to fill the lower spaces 
or is carried down by streams and glaciers. 

Along the edges of streams, lakes, and the seashore, we 
find sand, gravel, and small rocks uncovered. Often we call 
these gravel bars, sand bars, or beaches. In most other places 
these coarser materials have been covered with others finer 
or mixed with some more finely ground. In a great many 
subsoils the material covering the coarser rock substances is 
clay, or a mixture of clay and sand. 

Visit a near-by stream bed. What kind of materials do 
you find along the edge of the stream? Can you find a bar 
extending out into the stream? What kinds of earth materials 
make up this bar? Gather samples and label them correctly 
for the science class museum. Can you find out where these 
different materials came from? How did they get to the bar 
or to the edge of the stream? If you live near the sea coast 


HOCK MATERIALS ARE DEPOSITED AND UNCOVERED BY STREAMS. WHAT BECOMES 
OF THE SOIL? 
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or the shore of a large lake, try 

this same exercise at t/ie sea- _ J 

shore or lake side. 

' 7 

9. What is clay? i 

Clay is formed from the ■ 
breaking down of the earth’s 

crust. The particles are very ,jj 

finely ground. If a sample of 

clay is dried and broken up, 

tbe particles can be examined 

with a hand lens and compared 

in size with fine sand grains. ■ ^ 

Most clays are sticky when wet. _ 

If the wet clays are dried, they b„icks made op clay ahe shai'ed 
tend to become very hard. In dmed in the sun. 

some places sundried bricks 

are used for making buildings. The colors of the differ¬ 
ent kinds of clays are due to other rock materials or to 
plant and animal matter mixed in with the clay. Red, yellow, 
and tan clays most often get their colors from iron compounds 
in the soil. Darker clays or gray clays usually contain de¬ 
cayed plant and animal materials. 

Clay can. hold a considerable amount of water. When it 
is wet, water does not pass through it very rapidly. If clay 
is on top of the surface layer of the soil, it bakes into a very 
hard crust or into hard lumps. For these reasons a clay top 
soil is not very good for raising plants. 

10. What kinds of soils make good lawns and gardens? 

You have learned a few things about soil in your discussion 
of how it is formed. It should he remembered that its useful¬ 
ness in a particular place for your own growing purposes 
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THE DARKER AND DEEPER THE TOP LAYER OF SOIL, THE DETTER THE SOIL FOR 
GARDENING. GRAVEL IN THE LOWER SUBSOIL INDICATES GOOD DRAINAGE. 


depends largely on the kind of subsoil underneath. If the 
subsoil is gravelly and too porous, water from rains passes 
through it and too little is left to feed the plants in the soil 
above. If the solid rock is too near the surface, the soil above 
is likely to bake and dry too readily in periods between rains. 
A tight clay subsoil may he too poorly drained for many 
kinds of plants. For the ordinary lawn or garden the best 
kind of subsoil is probably a mixture of sand and clay. Some¬ 
times this kind of mixture is called a loam. 

The best growing soils are begun with a clay loam. Large 
amounts of decayed plant and animal materials have been 
mixed into the top layer. A name for this plant and animal 
material is organic matter. The farmer calls it humus. In most 
cases the greater the amount of organic matter in the soil, 
the better the soil. Usually the color of the soil indicates the 
amount of this material in it. Most soils having much organic 
matter are dark, and are good for gardening. If the dark 
layer is thick the soil is better than if it is thin. 

The effect of the organic matter is to increase the water¬ 
holding power of the soil. It becomes more nearly like a 
sponge. This also permits air to circulate through the soil. 
Roots may penetrate more readily, for the, humus helps to 
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keep the clay from sticking together. If the upper layer of a 
soil containing a good supply of humus is broken up by 
frequent cultivating, the rapid evaporation of water from the 
surface will be checked. This saves moisture for the plants in 
dry weather. 

A poor top soil may he improved so that better lawns or 
gardens are possible. If the soil is too sandy, organic matter 
should be added. It is even possible to mix some clay and 
humus with such a soil. The organic matter can be obtained 
from animal manures from stables and barnyards, or from 
decayed leaves, or straw, or similar plant substances. If the 
soil is clayey, sticky in wet weather and hard in dry, it may 
be enriched by adding the same kinds of organic materials. 
Sand is also useful on clay soils. If sand cannot he easily 
found, sifted coal ashes will help. 

The animal manures add some of the needed building ma¬ 
terials used by the plants. If more are needed, these can be 
added along with the organic matter in the form of chemical 
fertilizers. Almost any top soil can be built up until it will 
grow good plants. On a big farm it may cost more than the 
crops are worth. For a small lawn or garden it may be 
desirable. If the subsoil is very heavy clay or rocky or 
gravelly, the improved top soil may not make it possible to 
grow plants very successfully. However, if the subsoil is 
gravelly or sandy, and if a large water supply can be had 
cheaply, plants can be grown by very frequent watering. 

In some convenient place dig a hole about two feet deep. 
Examine the earth materials taken out of this hole. What 
changes take place in these materials as you go down? How 
deep is the top soil? How far down do you need to go to get 
to the subsoil? Do you find sand, gravel, or rocks in the hole? 
What kinds? How deep in the soil do you find plant roots? 
Do you find any other living things in the soil taken from 
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jfte hok? What? Is the soil at the spot where you-have dug 
the hok good or poor for growing plants? Can you find some 
way to prove your answer? 

11. How are roads made over the surface of the earth? 

We are most concerned with the surface of the earth, 
with its soil and its subsoil, because of the things which live 
and grow in it. However, we may well be concerned about 
the earth in other ways. The nature of its surface determines 
largely how readily we can get from one place to another. 
Our earliest roads were probably narrow footpaths or may 
have followed the paths made by larger animals. This kind 
of road works very weU when people have to go only short 
distances and do not have heavy loads to carry. As popula- 


GOOD SOIL FREQUENTLY MAKES VERY TOOR ROADS. 




A HOAD IS OFTEN CROWNED IN ORDER TO QDTAIN EFFECTIVE DRAINAGE. 


tions increase, move over greater distances, and trade with 
one another in bulky goods, better roads become important. 

Other than trails and footpaths, the rivers were probably 
the great highroads of the past. They are nearly always open, 
and it is possible to move great loads over them without too 
great an effort. Not all the surface of the earth can be reached 
from the rivers, however. To get back into the interiors of 
the great plains other kinds of roads a.re needed. 

In many ways a soil that makes good material for garden¬ 
ing makes a poor road. A dry road is usually better than a 
wet one. A soil that bakes hard on top makes a good road 
when it is dry. It is highly desirable that the subsoil drain 
the water away quickly. A rocky or gravelly subsoil would 
be a good one over which to build a road. Some of the worst 
roads in the United States, before the day of paved auto¬ 
mobile highways, were in the great farming regions of the 
Middle West where the soil is the best for raising farm crops, 
hut very poor for natural roads. 

Many people who live on farms and many children who 
go to rural schools still travel over ordinary earth roads. 
These are very dusty in summer and so muddy in early spring 
that it is sometimes difficult to get a farm wagon over them. 

As a garden soil can be improved, so a dirt road can be 
made better. The most important idea in making a good 
earth road is to drain the water away. To do this the road is 
graded so that it has a somewhat rounded crown. See the 
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diagram on the opposite page. A ditch on each roadside car¬ 
ries the water away as it runs off the top. The ditches must 
have a fall in the direction of some near-by stream which car¬ 
ries the extra water away rapidly. If the surface of the road is 
kept dragged down and the holes filled, so that water does 
not collect in spots to form mud holes, the road will be free 
of bumps. 

In many places a supply of natural gravel is found near 
a road. The gravel should be spread over tlie top of the 
graded road to form a, hard surface which sheds water, and 
to make a much better top over which to travel. If the earth 
of the road has a considerable body of clay in it, it tends to 
bind the gravel together. In many modern roads, a tarry or 
asphalt substance is spread over the gravel to bind it. 

The gravel road also is subject to the various breaking-.up 
agencies of the weather that continually tear at the earth’s 
surface. In climates where winters are cold the damp soil 
under the gravel freezes. In the spring the thawing softens 

COMPARE THIS MODERN PAVED ROAD WITH THE UNIMPROVED EARTH ROAD SHOWN 



the ground underneath. This freezing and thawing breaks up 
the road foundation and the road tends to go to pieces. Gravel 
roads need to be constantly repaired to be kept in shape. 

Roads can be paved with stone or with brick. Such roads 
are as good as the foundation underneath. In places where 
the subsoil drains readily and has in it rock and gravel, these 
roads hold up well. In other places some kind of foundation 
must be made under the paving. 

One of the older types of roads with a foundation con¬ 
structed underneath is the macadam road. In this kind broken 
stones are used. The top soil is taken away and a layer of 
heavy stones put in to make a foundation. Layers of smaller 
stones are put on the top to make the surface. Some of the 
older roads built on this plan are now covered over with 
asphalt. 

Many of our present roads are made of more or less con¬ 
tinuous slabs of concrete. For these the bed is graded very 
much as it is for an earth road. The bed is raised and some¬ 
what curved so that the water will drain away from the earth 
foundation. Enough earth is taken out of the center of the 
roadbed to make room for the slab. The concrete is really an 
artificial rock which can be molded to fit the place where it 
is wanted. It is made of a mixture of broken stone, sand, and 
cement. When the cement is mixed with the sand and stone 
and wet with water, it hardens to form what we call concrete. 

Concrete-slab roads hold up very well if the earth founda¬ 
tion underneath lasts. Floods sometimes wash the foundation 
away. The freezing and thawing sometimes affect the founda¬ 
tion of earth so that the slab becomes broken. In very hot 
summer weather the concrete may expand enough with the 
heat of the sun to buckle in ridges and break. Steel rods can 
he set into the concrete when it is being laid. These help the 
slab to resist the forces of the weather. 
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concrete reinforced with steel rods. If the soil and subsoil 
were removed down to die rock, so that the foundation rested 
on the rock, it would be even more firm. 

In many places it would be necessary to go down so deep 
to reach the rock that foundations cannot be set on rock itself. 
If there is hard clay beneath, a very good foundation for a 
home may be made on this material. The soil must be re¬ 
moved to a depth below that to which the ground freezes in 
winter. Usually a footing is made at the bottom of the trench. 
The footing is wider than the foundation wall in order to 
make a broader base. Often steel rods are bedded in the 
concrete of the footing. 

Exoanine the footing for a building foundation. How deep 
in the ground are footings placed for two-story houses in 
your neighborhood? How much deeper are the footings for 
apartment houses? Explain why it is necessary to go so deep. 

A CQOD HOUSE FOUNDATION CAN SE MADE IN CLAY SOIL. 






What is the purpose of a footing? Why do the walls of build¬ 
ings crack if improper footings are placed under them? Why 
are footings made deeper at some places than at others? 

If the ground about a house holds water, it is necessary to 
place drain tile around the footings to lead the water to some 
lower level. Many foundation walls are now waterproofed 
by applying a coating of some water-tight substance to the 
outside of the wall. 

In sandy and soft ground, long piles or pillars are often 
put into the ground below the foundation walls of tall build¬ 
ings to support the great weight that is to be carried by the 
foundation. 

We have discussed in this chapter only a few of the things 
that can be learned about the crust of the earth. If you will 
keep your eyes open as you go about, you may he able to 
learn many more. If you will apply the few ideas given in 

von SHOULD BE ABLE TO FIND FOSSILS LIKE THESE IN A LIMESTONE BECION. 













this unit, you should be able to make your world a much 
more interesting and a much safer place in which to live. 

THINGS TO DO 

1. It is about 8000 miles through the earth at the center. 
A very deep well might be 7000 feet deep. How much 
of a hole does such a deep well make in the earth? 
Draw a line all the way across the front blackboard of 
your classroom. Measure this line in inches. Suppose 
that this line represents 8000 miles. If you make an¬ 
other line to represent the .depth of a 7000-foot well to 

• the same scale, how long will this second line be? 

2. Visit a bluff along a stream, a cut for a railroad or 
highway, or an excavation for a large building. How 
deep is the cut into the earth’s surface? Can you find 
any evidence to indicate whether or not this cut has 
gone all the way down through the crust of the earth? 
List in your notebook all the different kinds of sub¬ 
stances that you find contained in the earth at this cut. 
Bring some samples to the school laboratory with you. 
Try sifting some of these samples to find what different 
things may be in them. Can you find any remains of 
living things in the soil and rocks of the cut? Can you 
find any things in the soil that are alive now? 

3. From bulletins on lawn building, describe how to build 
a soil for a good lawn in your community. Make a 
four-minute report on what you are able to find out. 

4. Form a committee of the class to invite a city engineer 
or a highway engineer to talk to the science classes on 
road and street building. 

5. Can you make sand? Explain. What materials are 
needed? What are the difficulties? 

6. Can you make a rock? Explain. How would you prove 
your answers? Give a demonstration. 
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7. Can you make soil? Explain. Demonstrate. What are 
your raw materials? 

SOME THINGS TO REMEMBEB 

1. The earth is a sphere. 

2. The earth is about 25,000 miles around at the equator. 

3. Compared with the things which we can see, the earth 
is very large. 

4. Modern inventions in travel and communication make 
the earth seem smaller to us. 

5. Water covers a large part of the earth’s surface. (About 
three fourths of the total surface.) 

6. The atmosphere is a part of the earth’s outer covering 
and turns with it. 

7. The mountains and valleys of the earth’s surface are 
small compared with its total size. 

8. The interior of the earth is believed to be rigid and 
hard. We know very little about the interior of the 
earth. 

9. Soil consists largely of broken-up rock. 

10. The heat of the sun, the water of oceans and rivers, rain 
water, the ice of glaciers, freezing, and winds have 
broken the rocky crust of the earth into soil. 

11. A part of the soil consists of decayed plant and animal 
materials. 

12. The soil is the home of much of the life on earth. 

13. Air and water on the earth’s surface make life possible. 

14. A good soil must be loose and open enough for water 
to circulate through it. 

15. Removing the plant growth from a piece of land tends 
to make the soil on this land poorer from year to year. 

16. A good soil must hold water, as well qs let surplus 
water drain away. 

The kind of subsoil under the upper soil layer has much 
to do with the reserve water supply for growing crops. 
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18. Water rises in the soil through the small pores between 
the solid particles. 

19. Organic matter added to soil improves the condition of 
most soils for growing plants. 

20. Good plant-growing soils often provide poor foundations 
for roads and buildings. 
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UNIT THREE 


The Air We Breathe 

What This Unit Is AsoyT 

We have said that we live on the crust of the earth. In 
reality there is a layer of air about the earth which is a 
very real part of it and turns about in space with it. The 
outer edge of the earth extends out into space some two 
hundred miles further than the rock crust upon which we 
walk. Instead of living on the surface of the earth’s outer 
layer, we live immersed in it. Air is everywhere around 
us. It is quite true that we live at the bottom of an ocean 
of air. Air is so transparent and colorless that it is invisi¬ 
ble. Our bodies are so constructed that we are not con¬ 
scious of the weight of the air upon us. For these reasons 
we do not often think of the presence of air or of its im¬ 
portance in our daily lives. 

Air is necessary for the existence of all kinds of plant 
and animal life. Of course people need air to live. You 
have often had the experience of panting or gasping for 
breath after running or taking some form of strenuous 
exercise. Wherever we go, or whatever we do, air is one 
of the urgent necessities of life. 

Air is present everywhere under natural conditions. 
We are so accustomed to the presence of air in all of 
our everyday activities that we often fail to recognize its 
existence. We say that a glass, a jar, or a pitcher is empty 
when in reality each is filled with air. There are no empty 
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containers under ordinary circumstances. Nearly all are 
full of air. An empty house is full of air. If it were empty, 
it would collapse from the air pressure on the outside. 

We have learned to remove air from some kinds of 
containers. Where air is removed and a true vacant space 
left, we say that there is a vacuum. Some kinds of food 
are packed in a vacuum. Perhaps you have opened a can 
that was vacuum sealed and heard the air rush in to fill 
the empty space. 

Air serves to carry most of the sounds that we hear. 
We depend upon the air to carry the sounds of our voices 
to relatives, friends, and neighbors. Music would not exist 
if the air were not present to carry the sound vibrations 
to our ears. For most ordinary purposes we should be 
deaf without the air. Can you imagine living in such a 

world? 

We have said that the air extends upward to a great 
height above the crust of the earth. Air also penetrates 
into the spaces in the crust itself. Much plant growth 
depends upon the fact that air enters the spaces between 
the soil particles. Animal life in the earth depends upon 
. air in the soil for an oxygen supply. Air is mixed with 
all natural waters in creeks, ponds, lakes and in the ocean. 
Aquatic creatures get oxygen from air mixed in water. 

Many of our modern machines depend upon air for 
their operation. Most pumps work by means of air pres¬ 
sure. Our bicycles and automobiles ride upon cushions of 
air. Even such games as football, basketball, volley ball, 
and tennis are played with balls inflated with air. You 
may be interested to try to make a list of all of the things 
about your home that make use of the air. 

In this unit we shall try to get some explanation of the 
ways in which we depend upon the air in our daily living. 
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The Air We Breathe 


UNIT PHOBLEMS 

1. ^at substances are found in air? 

2. Why do we breathe? 

3. What is the most healthful air for us to breathe? 

4. ' How do different kinds of animals get air? 

5. Why do aviators End it hard to breathe at high alti¬ 
tudes? 

6. How does air help us to hear? 

7. How can we use air to do useful work? 

1. What substances are found in air? 

When we take a glass or jar from the cupboard we usually 
say that it is empty. If you try to push an apparently empty 
glass tumbler down into a pan of water you will find that 
the glass does not fill with water. There is something in the 
glass that prevents the water from filling it. If you will run 
a small piece of rubber tuhing up into the glass and draw the 
air out by sucking on the end of the tube, the water will rise 
into the glass to fill it. The same effect can be produced by 
tilting the glass so that the air has a chance to escape between 
the edge of the glass and the surface of the water as the glass 
is forced down into the water. 

Air is not just one simple substance but is a mixture of 
several substances. Most of the air consists of two colorless, 
odorless, and tasteless gases. These are oxygen and nitrogen. 
You can demonstrate the approximate amount of the air 
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that is made up of oxygen by this very simple experiment: 
Place a .lighted candle in the center of a bowl. Next partly 
fill the bowl with water. Cover the candle with a clean jar 
(a pint fruit jar will do). As the candle flame dies out, water 
will rise in the jar. If we measure the height of the water in 
the jar and compare it with the height of the jar, we shall 
find that about one fifth of the jar is filled with water. Why 
did the water enter the jar? Evidently there was room for 
it after the candle flame was extinguished. This is true be¬ 
cause the flame used the oxygen from the air as the candle 
burned. When the oxygen in the jar was used, the water rose 
•to take its place. 

Oxygen makes up one fifth, or twenty-one per cent, of 
the volume of the air. By volume we mean the space occupied 
by a thing. We can find out if a large amount of oxygen is 
present in a jar by lowering into it a splinter which has a 
glowing ember. If much of the gas is present, the stick will 
burst into flame. Heat some red rust of mercury, mercuric 
oxide, in a test tube, and lower a lighted stick into it. As the 
oxygen is thrown off, the flame burns brightly. 

All living things depend upon the oxygen of the air. The 
oxygen in the air causes iron to rust, and materials made of 
copper and brass to become dull and tarnished. There is more 
oxygen in our world than any other chemical element. 

Prepare some oxygen for examination by heating potas¬ 
sium chlorate and manganese dioxide together in a test tube 
in a flame of a Bunsen burner. Collect the gas in wide- 
mouthed bottles. See diagram, page 248. Place an iron nail 
in one of the bottles, which is kept tightly closed. Examine 
the nail in a day or so. Explain the results. Lower a glowing 
splinter into another of the bottles. Examine a third bottle of 
oxygen carefully to learn if the gas has any taste or odor. 

Nearly four fifths, or seventy-seven per cent, of the air is 
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MANY BALLOONS AIIE NOW FILLED WITH HEUUM, A NONINFLAMMADLE GAS. 

nitrogen. Like oxygen it is a colorless, odorless, and tasteless 
gas. The jar in our second experiment was largely filled with 
oxygen and nitrogen. When the water rose in the jar after 
the oxygen was exhausted by the burning candle, the space 
above the water consisted for the most part of nitrogen. 
Nitrogen is unlike oxygen in that it does not combine with 
other substances in the process that we know as burning. 

Nitrogen forms a part of the tissues of all living things. 
Plants do not grow well in soils that do not contain fairly 
large amounts of nitrogen compounds. Part of the foodstuffs 
of all animals must contain niti'ogen compounds that we know 
as proteins. See page 238. 

Outdoor air always contains small amounts of a gas called 
carbon dioxide. Only four one hundredths of one per cent 
(.04%) of the air consists of the colorless and odorless 
carbon dioxide. This gas enters the air as fires burn, and 
when living things breathe. It does not accumulate in large 
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amounts in the air, because carbon dioxide is used by plants 
as they grow, and manufacture our food. Like nitrogen, 
carbon dioxide will reduce or put out a fire. 

There is always some w(Uer vapor in the air. The air above 
a desert contains comparatively little water vapor, while that 
near the seacoast frequently holds so much that it forms a 
low-lying cloud called fog. Because the amount of water 
vapor in the air varies so much, we are unable to state the 
exact amount of it present in the air at any one time. 

Other gases make up al)out one per cent of the air. Helium, 
argon, and neon are present in very small amounts. 

Helium is now used to fill balloons and dirigibles that are 
lighter than air. It is used because it is not explosive. Neon 
is familiar to most of us as the gas which causes the red glow 
in the tubes of many of our most brilliant electric signs. 

Small solid particles are suspended in the air. They are 
usually so small that they are invisible. Dust, soot, plant 
pollens, and bacteria are examples of solid impurities found 
in our atmosphere. 


PARTICLES OP DUST CAN SOMETIMES BE SEEN FLOATINC IN THE AIR IN A BEAM 




Dust particles in the air are not entirely a nuisance. With¬ 
out them there might not be so many beautiful sunsets and 
sunrises. Most raindrops form when water vapor condenses 
around the solid particles in the air. When we are surrounded 
by large clouds of dust, the solid particles in the air become 
a nuisance. Even in small amounts some kinds of dust are 
extremely irritating. 

Often when a bright beam of sunlight strikes across a 
dimly lighted room it is possible to see particles of dust in 
the air. Try darkening a room and letting a beam of light 
in through a slit in a shade. You should be able to see dust 
particles in the air as the light strikes across it. 

2. Why do we breathe ? 

Air is one of the essentials for life. People can exist 
longer without food and water than they can without air. It 
has been estimated that every adult person needs almost 
fifty gallons of air each day. This large amount of air is 
secured during the process of breathing, which scientists call 
respiration. 

How does the air enter our bodies? People obtain the air 
through the openings on each side of the nose called nostrils. 
Many dust particles, commonly present in the air, are sti'ained 
or filtered from it by means of fine hairs in the nose. Air 
which enters the lungs through the mouth is much more likely 
to contain harmful dust particles than air which is secured in 
the proper way. In the winter, the air is cold, and may be 
unpleasant, even painful, when it enters the lungs of a mouth 
breather. If we breathe through our noses, the cold air passes 
over tiny “radiators,” called turbinate bones, and is warmed 
before it goes far along the breathing or respiratory tract. 

The air which is breathed in passes from the nose through 
the trachea, which is often called the windpipe. The bron- 
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chial tubes branch from the trachea and enter the right 
and left lungs where they branch into many small tubes. 

The lungs are spongy organs. They are located in the chest . 
or thoracic cavity. Muscles cause the chest to increase and 
decrease in size when we breathe. This permits the lungs to 
expand, to fill with air, and to partially collapse as the air 
goes out. When we inhale, or take a deep breath, the chest 
cavity becomes larger and the lungs also increase in size as 
they fill with air. When the used, stale air escapes from the 
lungs, they become smaller again. 

In adults the process of breathing, or respiration, usually 
occurs from sixteen to eighteen times a minute. When we are 
taking some form of brisk exercise, the rate of breathing is 
increased. This is partly due to the fact that the body requires 
a greater amount of oxygen to enable it to carry on the added 
activity. 

You have learned that the air is a mixture of gases. 
Materials which are in a mixture can he separated. The 
oxygen is taken from the air by the red corpuscles, in the 
blood, as the blood goes through the capillaries in the lungs. 
As the hlood circulates, the red corpuscles carry the life- 
giving oxygen to all of the millions of cells in our bodies. 
Carbon dioxide, one of the waste products of the cells, is 
removed from them as the blood delivers the fresh oxygen. 

In what ways is the fresh air different from the exhaled air 
which leaves our lungs? The fact that oxygen is necessary 
for life, suggests that air which leaves the lungs contains less 
of this gas than outdoor air. Carbon dioxide has been re¬ 
ferred to as a waste product of the body. Exhaled air contains 
many times the amount of carbon dioxide present in fresh air. 
As a rule, the exhaled air contains more water vapor than 
outdoor air. Rare gases form approximately 1 per cent of 
inhaled and exhaled air. About the same amount of nitrogen 
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is breathed into and out of the lungs. The following table 
gives the differences between outdoor and. exhaled air. 


Gases in Air 

Nitrogen 

Oxygen 

Carbon dioxide 
Water vapor 
Rare gases 


Approximate 

Composition 

OF 

Outdoor Air 
77% 
21 % 
.04% 
Trace 
1 % 


Approximate 

Composition 

of 

Exhaled Air 
77% 
16% 

4% 

1.5% 

1 % 


3. What is the most healthful air for us to breathe? 

During what part of the year are there the most absences 
from school? A little thought will assure us that we 
miss many more days of school because of illness in the 
winter and early spring than in the late spring and eaidy fall. 
During the warm weather people live out of doors much of 


the time. Windows of homes 



UME, OF THE DIFFERENT GASES WHICH 
MAKE UP THE MIXTURE WE CALL AIR 
ARE SHOWN AB0VE« 


and schoolrooms are open, and 
they are surrounded by an 
abundance of fresh air. When 
the colder weather arrives, peo¬ 
ple frequently close their win¬ 
dows, and live in rooms which 
are filled with hot, and very 
dry, air. 

Relative humidity, usually 
referred to as humidity, is the 
comparison between theamount 
of water vapor actually present 
in the air, and the amount 
which would be present if the 
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air were completely filled or 
saturated. If the air holds all 
of the water vapor that it can. 
at a certain temperature, the 
relative humidity is 100 per 
cent. The per cent of relative 
humidity is learned by using 
an instrument called a hygrom¬ 
eter and consulting humidity 
tables, such as those which are 
used by the United States 
Weather Bureau. 

The relative humidity has 
much to do with health and 
comfort. We may feel uncom¬ 
fortably chilly when a room 
is heated to a temperature of 72° Fahrenheit (F.), or 
more, if the amount of water vapor present in the air is 
low. It is a familiar fact that wet clothes dry quickly 
when hung in warm, dry air. The warm, dry air of a room 
causes the moisture normally present on our skins to evapo¬ 
rate very quickly. As a result, we feel chilly, or even cold, 
in air of rather high temperature. Colds, and other diseases 
of the nose and throat, are the frequent results of living 
in air which is so dry that the moisture is removed from the 
linings of these organs. 

In the summer we may feel very warm when the temper¬ 
ature is no higher than 70° F. A temperature of 100° F. 
in Chicago brings more suffering. than a temperature of 
130° F. in the Sahara, because the air in Chicago holds so 
much more water vapor than the air above a desert. Likewise, 
a temperature of 10° F. below zero in New York brings 
more discomfort than a cold wave of 20° below zero Fahren- 



THE HYCItOMETEn MEASURES 
RELATIVE HUMIDITY OF THE AIR. 
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heit in Montana, because the air in this northwestern state 
is less moist and humid than that in New York. Such a con¬ 
dition has occasioned the remark, “It isn’t the heat, it’s the 
humidity.” In the winter, a room may feel too cool when the 
thermometer registers 68° F. if there is only a small amount 
of water vapor in the air. It is very evident that the relative 
humidity has much to do with our health and comfort. 

Water vapor may be added to the air in a house by several 
methods. Some people place a small pan, or teakettle, of 
water on the top of a register or stove. A large bath towel 
may be wrung out of water and hung over a radiator or 
placed over a hot-air register. As it dries, the relative 
humidity will increase slightly. Growing plants kept well 
watered will give off some moisture to the air of the room in 
which they are kept. It is generally agreed that a relative 
humidity of from 40 per cent to 55 per cent and a temperature 
of 65° F. to 70° F. provide the most comfortable and health¬ 
ful conditions for living rooms at home, or for most school- 
I'ooms. 

Many modern homes, hotels, and public buildings are 
equipped with air-conditioning machinery, so that the people 
who live or work in these places may be surrounded with 
air, free from dust, and of the most healthful temperature 
and humidity. In the summer, the air is cooled, and some of 
the moisture is removed. In the winter, the air is, of course, 
heated, and water vapor is added. In this way people are 
provided with the most healthful and the most comfortable 
living conditions. 

Travel on many of the ti'anscontinental trains in summer 
has been made pleasant and comfortable, because they are 
air conditioned. People can now cross the deserts of our west 
and southwest in coaches kept at a uniform temperature and 
relative humidity. 
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The air in the country is usually more free from certain 
impurities than that in a city. When people are gathered 
together in large groups, there is a greater possibility of 
disease germs being carried through the air on the small 
“magic carpets” that we call dust particles. The smoke which 
escapes from the chimneys of factories and other buildings, 
as well as the carbon monoxide gas which escapes from the 
exhausts of countless automobiles, helps to make the air in 
our large cities less pure than that in some rural districts. 
Many people prefer to spend their vacations in the mountains 
or in the country because they prefer the air of those 
localities. 

4. How do different kinds of animals get air? 

Whether an animal lives in water or on land, it must 
have means of securing oxygen from the water or air sur¬ 
rounding it. It is an interesting study to try to observe how 
animals are adapted to obtain the oxygen used in respiration. 

Some air, including oxygen, is always dissolved in natural 
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CAN YOU EXPLAIN HOW OXYGEN ENTERS THE LUNGS? 







THIS DEMONSTRATION SHOWS .HOW LUNCS 
EXPAND WHEN WE BREATHE. THE BAL¬ 
LOONS REPRESENT THE LUNGS; THE CLASS 
TUDE AN IMITATION TRACHEA; THE RUB¬ 
BER SHEETING, THE DIAPHRAGM. 


water. You have observed 
bubbles of air rising through 
water when it is first heated. 
Also, green plants growing 
in the water give off bubbles 
that are globules of oxygen. 

You can set up an experi¬ 
ment to show that green 
plants release oxygen as 
they grow. Place some elo- 
dea, or other water plant, 
in a beaker of water and 
cover it with a glass funnel. 
Invert a test tube filled with 
water over the stem of the 
funnel. Set the apparatus in 
a sunny window. When the 


test tube is filled with gas, 
test the gas with a glowing splinter for oxygen. 

The simplest animals, as the amoeba and paramecium, 
(see pages 138-139) absorb the oxygen through the surfaces 
of their one-celled bodies. The jellyfish and sea anemone also 
absorb oxygen through their entire body surfaces. 

Some other aquatic (water) animals are provided with 
special organs of respiration called gills. Some gill-breath¬ 
ing animals, as the mud puppy and Necturus, spend part of 
their time out of the water, but when they are on land. 


THE JELLYFISH AND SEA ANEMONE ABSORB THEIR OXYGEN FROM THE WATER. 










EXTERNAL GILLS SUPPLY THE MUD 
PUPPY WITH OXYGEN OF THE AIR. 


THE SLENDER SALAMANDERS AUSOKE 
AIR THROUGH THEIR MOUTH LININGS. 


the giUs must remain moist or the animal will not live. 

Fish are probably tbe most familiar animals among tbe 
gill breathers. The water containing dissolved oxygen enters 
the fish’s mouth, passes over the gills, and out the gill slits. 
The gills contain a great many small blood vessels called 
capillaries. As the blood circulates through them, the oxygen 
enters the blood and is carried to the many cells in the fish’s 
body. 

Tadpoles, newts, crayfish, and their salt-water cousins, the 
lobsters, breathe by means of gills. Some aquatic insects have 
gill-like breathing organs. 

Larger aquatic animals, as the whale, seal, and porpoise, 
breathe with lungs and must come to the surface when need¬ 
ing air. The “spouting” of the whale occurs when the animal 
exhales. 

That important tiller of the soil, the earthworm, has neither 
lungs nor gills. Like some of the simple aquatic animals, 
earthworms absorb oxygen over the entire surfaces of their 
bodies. In order to do so, it is necessary that their bodies 
remain moist at all times. Because of this, earthworms are 
found in damp soil. 

Sometimes people find little animals in the soil which 
resemble earthworms, yet have small legs and small eyes. 




These little animals, called slender salamanders, belong to 
the same division of the animal kingdom as the frogs and 
toads. They are unlike their relatives, because they do not 
have lungs or gills but absorb air through the membrane 
which lines their mouths. The blood, which circulates through 
the capillaries in the skin and in the mouth membrane, takes 
the oxygen from the cells in the skin and membrane and 
distributes it to all of thecelk in the salamander’s body. 

Other land animals, such as certain reptiles, birds, and 
mammals, obtain their oxygen through lungs. 

Reptiles, including lizards, snakes, and alligators, are 
usually spoken of as being cold-blooded animals. They do 
not require as large amounts of oxygen as other animals and 
are usually sluggish and slow. Snakes usually have but one 
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THE FROG, A LUNG BREATHINC ANIMAL, COMES TO THE SURFACE FOR AIR. 



ALLIGATOnS ARIS REPTILES THAT BREATHE WITH LUNGS. 


lung, while lizards and alligators have two. The crocodile, 
often mistaken for an alligator, also has two lungs. 

Birds have a higher body temperature than other forms of 
animal life. Because of this fact, they require larger amounts 
of oxygen, in proportion to their size, than other animals. 
Their lungs function most completely when they are in flight. 

Mammals breathe with lungs. They are wann-blooded and 
include many groups. Man breathes with lungs. Our common 
pets, as white rats, dogs, and cats, are lung-breathing animals. 

All insects are provided with breathing organs called 
tracheae. Small openings in the insect’s body, which are 
called spiracles, provide a passageway for air from the out¬ 
side to the tracheae. The tracheae are a system of tubes 
which distribute the air over the entire body of the insect. 



The spiracles are easily seen in the grasshopper. The oxygen 
is absorbed by a body fluid, instead of blood, which carries 
the oxygen to all parts of the insect. 

All animals, whether consisting of a single cell, or of many 
cells, must be constantly supplied with oxygen. The oxygen 
combines with the food that they eat and digest, in a process 
called oxidation. (See page 306.) The oxidation of foods 
gives animals both warmth and other energy. 

5. Why do aviators find it hard to breathe at high alti¬ 
tudes? 


For lung-breathing creatures, especially humans, breath¬ 
ing becomes more difficult at high altitudes, that is, at 
great heights above sea level. This is well illustrated by our 
modern aviators who rise to great heights in airplanes. 

The cockpit of an airplane contains various instruments 
to aid the aviator in the safe handling of his plane. One of 
the most useful of these instruments is the altimeter, a form 
of barometer which tells the pilot how high he is above sea 
level, and also what the air pressure is. 

To understand how an altimeter works, we must first 
understand the purpose of a barometer. The first mercurial 
barometer was made by Torricelli, a pupil of the great 
Galileo. 


It is difficult to perform Torricelli’s experiment outside a 
good laboratory. It may, however, be done in the following 



way: Obtain a piece 
of glass tubing about 
thirty - three inches 
long. Seal one end 
by heating it in the 
flame of the Bunsen 


Tion OF THE SPIRACLES. 


burner. Fill the tube 
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with mercury, using a medi¬ 
cine dropper. When the tube is 
jilled, invert it in u small dish 
which contains mercury, and 
support the apparatus by 
means of an iron stand. Some 
of the mercury will leave the 
upper part of the tube. The 
air in the room has just enough 
pressure to balance the mer¬ 
cury which remains , in the 
tube. Carefully measure the 
height of the mercury column 
from the surface of the mer¬ 
cury in the dish. 

K it were possible to carry 
the mercurial barometer to the 
top of a high building, as the 
Empire State Building in New 
York City, you would be able * mercubul barometer 

, 1 p 1 A SIMPLE PROCEDURE. WHY IS 

to see for yourself that, the column of differ- 

column of mercury was lower ent heights on different days? 
at the higher elevation. 

Boys and girls who live in a mountainous district, such 
as that near Denver, will find that the mercury column in 
their barometers reaches a height of about twenty-five inches. 
New York City is almost at sea level, and there the mercury 
in a barometer will usually reach a height of about thirty 
inches. The height of the mercury column in a barometer 
varies with the altitude or the distance above sea level. Tables 
have been worked out which give the air pressure at different 
elevations. In general, the barometer reading is one inch 
less as the altitude increases one thousand feet. What would 
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AN AIRPLANE ALTIMETER IS 
AN ANEROID BAROMETER. 


the approximate air pressure be when 
the airplane is at a height of three 
thousand feet? Of six thousand feet? 
Of ten thousand feet above sea level? 

The mercurial barometer is so 
easily broken that it could not be used 
in an airplane. The aneroid barom¬ 
eter, or the altimeter, takes up little 
space, and there is no mercury to be 
spilled should the plane go into a nose 
dive. There is one further advantage. 
It is so constructed that readings may be made directly, al¬ 
though mercurial barometers can be made to read directly 
too. If you have a harometer in your home, it is probably of 
the aneroid type. 

Why does the air pressure become less as the altitude is 
increased? On page 74 you read that we live at the bottom 
of an ocean of air. Scientists do not agree as to how far 
above the earth this atmosphere extends. Some think that it 
reaches fifty miles above the earth, and others that it may 
extend to a height of two hundred miles or more. When we 
are at sea level there is more air pressing on a barometer 
than at an elevation of five thousand feet. When an aviator 
reaches an elevation of 17,000 feet, the air pressure is only 
half as much as when he was at sea level. As higher altitudes 
are reached, the air thins out so rapidly that aviators would 
become unconscious if they did not carry a supply of oxygen 
in their planes. 

Discomfort at high altitudes. There are three conditions 
which aviators find very uncomfortable when flying at high 
altitudes. The temperature lowers very rapidly as the earth 
is left behind. The specially constructed suits that fliers 
wear do not always protect them adequately against the cold. 
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The following table gives the temperatures which a naval 
aviator encountered when he took off from North Island, 
near San Diego, California, on the morning of August 7,1935. 


Elevation 

Temperature 

Elevation 

Temperature 

Surface 

63° F. 

9000 feet 

58° F. 

1000 feet 

63° F. 

10,000 feet 

54° F. 

2000 feet 

73° F. 

11,000 feet 

50° F. 

3000 feet 

82° F. 

12,000 feet 

46° F. 

4000 feet 

80° F. 

13,000 feet 

42° F. 

5000 feet 

75° F. 

14,000 feet 

38° F. 

6000 feet 

71° F. 

15,000 feet 

33° F. 

7000 feet 

67° F. 

16,000 feet 

29° F. 

8000 feet 

62° F. 

17,000 feet 

26° F. 


The lessened air pressure also brings discomfort to avia¬ 
tors. Added to the intense cold, and lowered air pressure en¬ 
countered at high altitudes, is the lessened supply of oxygen. 
This results in dizziness, and in some instances, uncon¬ 
sciousness, if a supply of oxygen is not carried in the plane. 

6. How does air help us to hear? 

Think of all the noises and sounds which surround us 
daily. The slamming of doors, the horns on cars, the hum 
of airplane motors, the voices of our friends, the songs of 
birds, the barking of dogs, and music of all kinds are known 
to us because we are surrounded by the atmosphere, or air. 
If the air were to disappear suddenly, we would find our¬ 
selves in a nearly silent world. 

How is sound caused? If we strike a glass with a spoon or 
throw a rock into a pool of water, the surrounding air is set 
into rapid motion by the vibrations of the glass, or the water 
in the pool. Such vibrations cause disturbances in the air. 
These disturbances have been given the name sound waves. 
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These waves, which are carried through the air and strike the 
membranes of oi^r ears, form the sounds that we hear. 

Other materials besides air carry sound waves. Water, 
the earth itself, wood, steel, and various metals are good 
conductors of sound. However, most sounds are carried from 
these substances to our ears through the air. 

Boys and girls who live on either seacoast in the United 
States, sometimes hear the booming of the guns on battle¬ 
ships. If you are observant, you realize that you see smoke 
from the firing of the giant guns before you hear the report. 
Especially in cold weather, the “steam” from the locomotive 
is seen before the whistle of the approaching train is heard. 
During a summer thunderstorm, the thunder may be heard 
several seconds after the lightning has flashed across the sky. 
Do you think of other exanjples which prove that sound 
travels more slowly than light? As a matter of general 
interest to you, the speed of light is about 186,000 miles per 
second. Sound waves travel at a snail’s pace compared with 
light waves. Air ordinarily conducts sound at a speed of 1100 
feet per second. If sound came from a mile away, how long 
would it take it to reach our ears? 

You will be able to demonstrate very easily the extent 
to which air conducts sound. If your school has a vacuum 
pump and bell jar, suspend an electric doorbell connected 
to a dry cell in the jar. Be sure that the stopper in the top 
of the bell jar fits very tightly. Set the jar containing the bell 
over the plate of the air pump. When the bell is ringing, 
begin to pump the air out of the bell jar. Try to remove so 
much air that the sound of the bell will not be heard, al¬ 
though you see the vibrations of the clapper. 

As you know, the organ which makes it possible for you 
to hear the sounds carried to you in the air is the ear. You 
may be interested in briefly examining the structure of the ear. 
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The Structure of the Ear. The diagram shows three 
divisions of the ear; the outer, middle, and inner ear. The 
outer ear is shaped to catch the sound waves, and direct 
them against the eardrum which separates the outer ear from 
the middle ear. The sound waves cause the eardrum to vi¬ 
brate, and the vibrations are carried through the three small 
bones in the middle ear to the inner ear. Branches of the 



auditory (hearing) nerve are in the inner ear. These nerves 
carry sensations of sound to the brain, and we are able to 
distinguish voices, the various musical instruments, and the 
many kinds of noises that are heard each day. 

7. How can we use air to do useful work? 

You have read that all living things need a constant supply 
of fresh air, and that there would be few sounds if there 
were no air. Air has had more to do with the development 
of our civilization than many people suppose. In earlier 
days, discovery and exploration were made possible because 
the winds, large waves of air in motion, furnished the power 
for sailing vessels. Many modern engineering feats would. 
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be impossible if air pressure were not used. Many machines 
and simple devices about our homes depend upon air pres- 
sure, which, as you know, is nearly fifteen pounds to the 
square inch at sea level. You remember air pressure decreases 
above sea level and increases below. 

An experiment will show the power of air pressure: Re¬ 
move the shell from an egg which has been boiled for 
twenty minutes. Place the small end in a milk bottle in which 
a wisp of paper is burning. Explain why the egg is pushed 
into the bottle? Are you able to remove the egg from the 
bottle by increasing the pressure within the bottle? 

Another startling demonstration of the tremendous force 
of atmospheric pressure is the varnish-can experiment. Get a 
gallon-size flat-sided varnish can with a small opening that 
can be easily corked. Be sure that the can has been thoroughly 
cleansed before you pour into it a half-pint of water. Set the 
can on a gas plate and boil the water until steam is seen com¬ 
ing from the opening m the can. Then quickly screw the cap 
in place or push in a tight stopper. Now plunge the can into 
cold water, or hold it in running luater under the cold water 
faucet. Remove the can from the water. The can will collapse. 

The steam from the boiling water pushes the air from the 
can. Holding the stoppered can in cold water condenses the 
steam to water, leaving a partial vacuum in the can. When 
this happens the pressure inside is much less than the atmos¬ 
pheric pressure on the outside, 

A common device that makes use of the force of atmos¬ 
pheric pressure is the siphon. Probably you have seen a rub¬ 
ber hose in the form of a siphon used to empty washtubs of 
water. 

To operate a siphon set two jars or buckets of water at 
different levels. Fill a piece of rubber tubing with water. Hold 
the ends of the tubing closed and immerse one end in the 
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water of the jar at the higher level. AUqw the other end of 
the tube to hang freely in the lower jar. Water will run from 
the jar at the higher level up over the edge and into the lower 
jar. The water actually flows uphill for a distance. 

The explanation of the siphon is clearer if you will ex¬ 
amine the diagram on this page. The height of each of the 
two arms of the siphon is measured from the top of the bend 
in the tube to the water level in each jar. The small difference 
in water level makes the difference in the air pressure on the 
surface of the water in the two jars negligible. But, the 
weight of water in the long arm of the siphon is greater than 
the weight of water in the short arm. The water, therefore, 
flows in the direction of the long arm, provided the tube is 
filled with water in the beginning. 

The familiar medicine dropper depends upon a partial 
vacuum inside the tube and the pressure of the air on the 
surface of the liquid into which it is dipped. Some of the air 
in the medicine dropper is forced out when you squeeze the 
rubber bulb. When the pressure on the bulb is released, the 
air pressure on the surface of the liquid in the bottle forces 
some of the liquid into the medicine 
dropper. Many self-filling fountain 
pens work on the same principle as the 
medicine dropper. 

Vacuum cleaners, too, depend upon 
air pressure. An electric motor drives 
a small fan, which withdraws some of 
the air from the inside of the cleaner. 

Due to greater pressure outside, air 
rushes in to replace that drawn from 
the inside by the fan. This air carries 
dust and other loose materials, such 
as string and scuffed-off rug nap, into 
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THE FORCE OF ATMOSPHERIC 
PltESSURE. 



the cleaner with it. Examine 
a household vacuum cleaner. 
The operation of most 
common pumps depends 
upon the pressure of the air 
upon the surface of the 
water. You can readily see 
how an ordinary lift pump 
operates by referring to the 
diagram on this page. On the 
first stroke that pulls the 
piston up in the cylinder, 
some of the air is removed 
from the cylinder. This 
lowers, the pressure in the 
cylinder and allows the 
valve at the bottom of it to open. At the same time the 
pressure of the air on the surface of the water in the well 
pushes water up the pipe and into the cylinder. On the down 
stroke the valve at the bottom of the cylinder is forced shut. 
At the same time, pushing the piston down forces the valve 
in the piston open and allows water to be pushed up above 
the piston. On the next upstroke the weight of the water 
above the piston forces this second valve shut and the water 
is lifted up to the level of the spout where it runs out. 

Air may be compressed; that is, much of it may be crowded 
into a relatively small space. Compressed air has many uses. 
It inflates the tires on automobiles and bicycles. It is used 
in a sandblast, driving sand against stone buildings to re¬ 
move paint or grime. It furnishes the energy in the pneumatic 
drill used in cutting through concrete pavements. Frequently 
compressed air is used by a stonecutter to cut designs in 
marble and granite. It drives the pneumatic hammer and 
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WATEH IK THE WEU PUSHES THE WATER 

into the CTLINDEH of the pump. 



riveting tool. Compressed air sometimes furnishes the power 
which is needed to throw poison spray on fruit trees. 

One of the most interesting ways in which compressed air 
is used is in caissons. The tunnels under the Hudson River 
were built by using these devices. Men worked in a steel- 
walled cylinder, while compressed air kept the water from 
entering the caisson. This great pressure puts a terrific strain 
on the human body, so that men can work in a caisson only a 
few hours each day. The foundations for many of the world’s 


largest bridges have been made by men working in caissons. 

In addition to devices 
that work by means of air 
pressure we use the force 
of the wind to do some of 
our work. Sailing ships 
have been known from 
very early times. Columbus 
made his journey from 
Spain to the New World 
with three small sailing 
ships. Today many people 
have small boats that are 
used for pleasure. A few 
ships are equipped both 
with engines and with sails. 

The cloth sails can be ad¬ 
justed to the masts and 
spars so that the wind is 
caught in them and the boat 
moved before the wind. On 



calm days little progress is 
made. Sometimes the wind 
blows in a wrong direction, 


MANY ENGINEERING PROJECTS REQUIRE THE 
USE OF A CAISSON. AIR PRESSURE KEEPS THE 
WATER FROM ENTERING THE STEEL WALLS 
OF THE CAISSON, 


99 





im-y: 

SAIUNC VESSELS JUIE DRIVEN rOEWARD BY AIR IN MOTION THAT WE KNOW AS 
WIND. THE “II.S.S. constitution” WAS ONE OF THE MOST FAMOUS SHIPS OF THE 
AMERICAN NAVY. 


and at other times it is so violent that sails mUst be reefed. 

The windmill is another familiar device for using the 
force of the wind to an advantage. Windmills have been used 
for pumping water and grinding grain. Recently small wind¬ 
mills have supplied the power to generate electricity for farm 
homes. 


THINGS TO DO 

1. Prepare some carbon dioxide. See exercise 4, page 248. 
Carbon dioxide will turn lime water milky. Fill a test 
tube with lime water. Blow into it through a clean glass 
tube or straw- What do you conclude? 
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2. Appoint a committee to secure information about the 
air conditioning of homes and public buildings. 

3. Prepare a special report on helium. 

4. Prepare a special report on some of the uses of nitrogen. 

5. Learn how to make model airplanes, and fly liiem. Ask 
your woodshop teacher for suggestions, or consult some 
book in the school library for plans. 

6. Ask your woodshop teacher for plans for making a sail 
boat. When your boat is finished, sail it on a pond, or 
small body of water near your home. 

7. The class will enjoy making a science scrapbook on 
the subject of Air Transportation. 

8. Get a copy of C. J. Lynde’s Experiments with, Home 
Equipment, Try two of the air-pressure experiments 
suggested in this book. Can you demonstrate and explain 
these for the class? 

SOME THINGS TO REMEMBEB 

1. Air is present everywhere. 

2. The air is a mixture of gases. 

3. Oxygen in the air helps to keep all living things alive. 

4. Oxygen is necessary for combustion or burning. 

5. The air is nearly four-fifths nitrogen. 

6. Animals add carbon dioxide to the air as they breathe. 

7. The higher we go, the less air there is above us. 

8. The barometer is used to measure pressure of the air. 

9. The temperature is much lower at high altitudes than 
near the surface of the earth. 

10. Breathing is difficult at high elevations because there is 
less oxygen in the thinner air. 

11. We obtain the oxygen that our bodies need duping the 
process of breathing or respiration. 

12. The red corpuscles in our blood carry oxygen to the 
millions of living cells in our bodies. 
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13. A relative humidity of about 54% is most healthful and 
comfortable. 

14. The correct temperature for living rooms is about 68° F. 

15. Many simple aquatic animals absorb air over their 
entire body surfaces. 

16. Fishes and some other aquatic animals obtain needed 
oxygen through their gills. 

17. Most of the insects secure air through small spiracles. 

18. Larger land animals, as well as the mammals of the sea, 
breathe through lungs. 

19. There would be practically no sound if there were no air. 

20. Sound waves travel through the air at a speed of about 
1100 feet per second. 

21. Air pressure is used in doing useful work. 

22. The air pressure at sea level is nearly fifteen pounds to 
the square inch. 

23. Siphons, medicine droppers, and vacuum cleaners are 
some devices that depend upon air pressure. 

24. Air may be compressed, and used in many ways. 
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INIT FOUR 


UNIT FOUR 


Water and Life 

What This Unit Is About 

Benfamin Franklin once said: “When the welPs dry, 
they know the worth of water.” Water is usually so plenti¬ 
ful that we often fail to realize how important it is in our 
own lives, and in those of plants and animals as well. Man, 
animals, and plants could not live without water, and the 
soil could not produce food, or materials for clothing 
and shelter. 

People who have experienced long periods of drought 
know the hardships and suffering that result from a 
scarcity of water. Human beings can do without food for 
a much longer time than they can without water. When 
people who cross the deserts of our southwestern states 
in automobiles must sometimes pay for a drink of water 
as they pay for a glass of lemonade or ginger ale in other 
places, they realize the blessing of an adequate water 
supply. 

Food, another requirement for human and animal life, 
becomes scarce in regions of drought. Many of you have 
seen plants wither and die because the necessary moisture 
was not available. Farmers know that rainfall is necessary 
during certain stages of the growth of different kinds of 
crops. If the rains are late, or altogether wanting, the crop- 
yield will be reduced and in some cases be a total loss. 
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When pastures fail, animals as well as people suffer from 
a lessened food supply. 

Water exists in each of the three states of matter that 
are known to us as a gas, a liquid, and a solid. It can he 
changed from any one of its forms into either of the others. 

We are most familiar with water as a liquid. Indeed, 
the largest part of our own bodies consists of water. As a 
liquid, water is of greatest service to all living things 
because so many other substances can be dissolved in it. 
Our own foods can be used by body tissues only when 
dissolved in water. Plants can get needed minerals only 
as these are dissolved in water. 

As a gas distributed through the atmosphere, water can 
be carried by winds almost anywhere over the surface of 
the earth. If water could not be changed into vapor and 
back into a liquid, we should have no rains. You can 
readily see that it is most important for us as living crea¬ 
tures to have water changed into its gaseous form. 

Solid water, ice, is widely used for cooling other sub¬ 
stances. In any of its forms water is most essential to our 
living. The fad that one of the forms can be converted 
into the others makes the use of water much more easily 
controlled. 
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Water and Life 


UNIT PROBLEMS 

1. How do clouds bring rain? 

2. How do we use water? 

3. Why do human beings require water? 

4. How is water used in our homes ? 

5. What foods contain water? 

6. How do desert plants and animals get water? 

7. When does water destroy living things? 

1. How do clouds bring rain? 

Why does a pond or small river often become a mere 
mud puddle by midsummer? What becomes of the water in 
wet clothes as they dry? What happens to the water that falls 
on the streets and sidewalks during a rain? It will help us to 
answer these questions if we place a pan containing a cupful 
of water on a hot stove. We shall see a cloud of moisture 
form above the pan, and in a short time the water will have 
disappeared. We say that the water has evaporated. It has 
gone into the air in the form of water vapor. Water vapor is 
constantly passing into the air as water evaporates from 
ocean, lakes, rivers, fields, and the weekly wash when it is 
, hung up to dry. 

Place an equal amount of water in two beakers or cups of 
the same size. Place one in a cool dark place; the other in a 
sunny warm place. Compare the water levels in the two beak¬ 
ers after leaving them over the week end. Write a statement 
about the effect of temperature on the rate of evaporation. 
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Plants add large quantities of water vapor to the air. Much 
more water is absorbed by the roots of plants than remains 
in the plants. Most of the water that is absorbed passes out 
through tiny openings in the leaves as gaseous water. It then 
becomes a part of the water vapor in the air, most of 
which rises and falls later as rain, snow, hail or sleet. 

Forests supply a large amount of water vapor to the air. 
Is this a good reason to plant trees to replace those cut down 
for commercial purposes? 

The water vapor in the air forms droplets which gather 
into clouds that we see at different seasons of the year. In 
the summer, thunderstorms may develop very suddenly, and 
the cloud above us may be the source of a heavy shower. 
In the winter, clouds filled with moisture may travel across 
the United States, causing rains on the Pacific coast, and 
rains and heavy snows on the states to the eastward. 

Sometimes a cloud laden with water droplets comes so close 
to the surface of the earth that it envelopes the surrounding 
countryside. If very minute droplets are suspended in the 
cloud, then we say there is a mist. Fogs contain larger drop¬ 
lets or more moisture than mists. 

Fogs may be of such denseness as 
to hinder travel either at sea or 
on land, and in some cases a fog 
may be too thick to see even a 
few feet away. Anyone who has 
seen pictures of one of the fa¬ 
mous London fogs can realize 
how dense these surface clouds 
can be. A remarkable fog oc¬ 
curred in London on January 28, 

1909. On this occasion the city 
was under a thick fog all day. 
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HAVE YOU EVER SEEN A CLOUD 
FORM IN A COFFEE-MAKER? 




The thickness of fogs is dependent, of course, upon the 
amount of moisture or water droplets that have been gathered 
into the cloud. One of the chief contributing factors to forma¬ 
tion of fogs on the British Isles is the many bodies of water 
surrounding these islands. How does this affect the amount of 
water vapor tiken up by the air? 

Rain or snow does not always occur when clouds are seen 
above us. Some clouds, such as those shown on page 103, 
are associated with fair weather. However, if one of these 
cumulus clouds should be suddenly cooled by currents of 
cold air rising near it, rain or, in some instances, snow might 
fall from it. Nimbus clouds are the sources of the heavy rains 
and snows which add the very necessary moisture to the 
surface of the land. 

You can carry out a simple experiment which will make it 
possible for you to see a small cloud form. Get a clear glass 
coffee-maker that will hold about one quart of water. Use only 
the lower part of the coffee-maker. Run about an inch of water 
into the bottom of this. Heat the water until it begins to boil. 
Remove the coffee-maker from the heat. Place a piece of ice 
too large to go inside in the open mouth of the glass vessel. An 
ordinary refrigerator ice cube will serve. As the cool air pass¬ 
ing over the ice cube drops inside and the warm vapor rises 
from the surface of the water, the water vapor will condense 
and a small cloud will form inside the coffee-maker. See 
diagram, page 107. 

Water evaporates from the earth’s surface because of the 
sun’s radiant energy. When energy from the sun strikes the 
rocks, soil, and water on the earth’s surface some of it is 
absorbed as heat. The air that touches the warmed surface of 
the earth becomes heated itself and carries this heat to the 
near-by air. This helps to warm the whole atmosphere. You 
will observe that evaporation is most rapid when the tem- 
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perature of the air is high. If evaporation should cease, our 
earth would become a huge desolate waste. Why is this so? 

The water vapor is mixed through the air much as a lump 
of sugar dissolves in a glass of water. We can prove that there 
is water vapor in the air of the room. Fill a glass bottle with 
ice water, and fit a cork into the bottle. Wipe the bottle until 
there is no trace of moisture on it. Then place it on a dry 
plate on a table in the room. In a few minutes drops of water 
will appear on the bottle. In a half-hour or so the plate will 
also be wet. This moisture can come only from one source, 
the water vapor of the air. When the warm air strikes the cold 
bottle, the water vapor in it condenses into liquid water. Out- 
of-doors, if the upper air cools sufficiently, some of the water 
vapor forms into clouds having a variety of shapes. Clouds 
form where saturation is reached and water droplets, or snow 
and ice crystals, form. Further cooling increases the size of 
the droplets, or crystals, by addition of more water until 
their weight brings them down as rain or snow. 

2. How do we use water? 

Water exists in each of the three states of matter known 
to us—solid, liquid, and gas. Solids can be grasped and 
handled. They can be made into any desired shape and 
remain in this shape. Wood and stone are common examples 
of solids. Liquids when left to themselves have no definite 
shape. Water, the most common liquid, takes on the shape of 
the container that holds it. A pond is round or rectangular 
because the water is held in a round or rectangular depres¬ 
sion in the earth’s surface. Gases do not keep fixed forms 
as solids do. Most of them are invisible. Gases do not have a 
constant volume like liquids, but their volume, or the space 
which they occupy, varies with slight changes of temperature. 
We are most familiar with water as a liquid, and least famil- 
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iar with it as a gas. People who live in the tropics know little 
of water as ice, while the Eskimos are acquainted with water 
in all three of its forms. Dwellers in the temperate zone have 
learned how to make and use ice and how to make use of 
steam in a variety of ways. 

When in its liquid form, water is one of the most common 
of the materials necessary for everyday living. As you know 
three fourths of the earth’s surface is covered with water, 
and it seems that water should be plentiful everywhere. We 
shall learn later that this is not always so. Each one of . ns 
uses many gallons of water a day. Before reading the next 
part of this unit, make a list of the many ways in which water 
is used in your home and community. 

People who live in parts of the United States where winter 
weather brings freezing temperatures know the joys of ice 
skating. Years ago skating was frequently interrupted when 
river and pond ice was cut and stored for use in refrigerators 
during the following summer. People have known for a long 
time that foods placed in a refrigerator will keep for a much 
longer time without spoiling than foods kept at ordinary 
room temperatures. 

One of the earliest scientific experiments was performed 
by an English scientist, Sir Francis Bacon. This scientist 
ordered his carriage stopped one cold winter’s day so that 
he might get out to bury a chicken in the snow. He wanted 
to see for himself if the low temperature would prevent the 
decay or the spoiling of the fowl. As a result of his scientific 
curiosity, Bacon developed a severe cold, which caused his 
death. Today, artificial ice and electrical refrigeration have 
begun to j^eplace the germ-laden river and pond ice of thirty 
or more years ago. 

Have you ever wondered why ice floats, in water? You 
can answer this question for yourself, if you will perform 
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one of the following experiments: If you are studying this unit 
during the cold winter months, fill a can wUk water to a depth 
of ten inches. Place the can outdoors. When the water has, 
frozen, shake out the block of ice and measure its depth. You 
will find that it has filled the can to a depth of almost eleven 
inches. Do not use a can that is valuable as the freezing of the 
ice may break or bulge it. If you are studying this unit during 
warm weather, some one pupil who has an electric refrig¬ 
erator. m his home may perform an experiment and report the 
results to the class. Fill a small pan with water, and place it 
in the freezing unit of the refrigerator. After the water freezes, 
measure the thickness of the ice and compare it with the depth 
of the water that was in the pan. How does the volume of the 
water change as it becomes ice? Which weighs more, a pan 

AM iraBEBO IS SOLID WATED. WHY DOES AS JCEDESC FLOAT? 





filled with water or the same pan filled with a solid block of 
ice? Can you now explain why ice floats? 

When water is heated to its boiling temperature, 212° F., 
it changes into a gaseous form called steam. It is not steam 
that we see, however, because steam is an invisible gas like 
the air which surrounds us- If the steam does not escape as 
the water boils, it develops considerable pressure. The power 
in it can be shown by a very simple experiment. Fill a hard 
glass test tube half-full of water, and fit a cork into the mouth 
of the test tube. Using a test-tube holder, hold the test tube 
in the flame of a Bunsen burner. In a few minutes the cork 
will be blown from the tube. Do not point the tube toward any¬ 
one or get your face close to it. Repeat the experiment to 
make sure that you can see no steam in the tube. When steam 
escapes from a teakettle, it condenses into a small cloud. The 
cloud is composed of tiny particles of water. If some cold 
object, as a spoon, is held in this water vapor, drops of liquid 
water form on the spoon. When water vapor strikes a colder 
object, it condenses, and we see it as small drops of water. 

You know that ice is generally used to prevent the spoiling 
or decay of foods. Steam is also used to preserve our foods. 
Using steam is one of the best ways of killing microbes, and 
making materials sterile. Hospitals have large steam steriliz¬ 
ers in which the surgeons’ instruments are made germ free. 
Perhaps you have seen steam used in a restaurant or hotel 
kitchen to sterilize the dishes and silverware. Dairies also 
use steam to kill germs that may be in the various parts of 
the machinery for pasteurizing milk. 

We are usually drawn by a steam locomotive when we 
travel on a railroad train. The boilers of the locomotives hold 
large quantities of water which are changed into steam when 
the water is heated. 

Perhaps your home or schoolroom is heated and lighted 
through a use of steam. In the steam-heating systems water in 
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the cellar boiler is heated to boiling point and the steam thus 
formed travels by means of pipes to radiators in the various 
rooms. Steam heat is the most satisfactory means of heating 
large buildings. See pages 321-322. 

Sometimes cities generate electricity by means of a steam 
turbine. This supplies a rotary motion which in turn is used to 
generate the electricity. Steam issuing from jets is made to 
strike small cups on the edge of a wheel. The energy of the 
steam makes the wheel turn and thus supplies power. Plants 
and manufacturing concerns frequently make use of steam 
turbines to supply the power for generating electricity. 

Some railroads are now being run by electricity generated 
at large power plants. Steam turbines may be used to generate 
this electricity. 

Falling water is also used to supply the energy to generate 
electricity. 

Rain is nearly pure water when it falls from the clouds. 
If this liquid is frozen, it becomes ice, the solid form of 
water. When this ice melts, and the water is boiled, the steam 
can be condensed into water that has the same composition 
it had when it fell as rain. Water, ice, and steam have the 
same chemical formula. The chemist writes it H 2 O. (See 
pages 227-228.) This is simply a short way of showing that 
water consists of two parts hydrogen and one part oxygen. 

3. Why do human beings require water? 

You know air is required for the continued life of man¬ 
kind. Water is also a requirement for life. When'you are 
told that about two thirds of your own body weight is water, 
you can understand that water is necessary for your growth 
and gains in weight and height. 

The water that we drink serves a variety of purposes in 
our bodies. The different parts of the human body that re- 
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quire water for definite reasons are discussed in Unit Eleven. 
Here we shall mention very briefly some of the ways in which 
water is a necessary requirement of every human being. 

The blood furnishes the means of transportation for foods, 
oxygen, and waste products to and from the various parts of 
the body. There are usually from five to six quarts of blood 
in every healthy adult. This blood is largely water. 

Many people do not di-ink sufficient amounts of water. 
Older boys and girls, as well as adults, should drink five or 
six glasses of pure water every day. Some of this water is 
used in the processes of the digestion of our food, so that 
the food we eat may be made useful for our bodies. Much of 
it does not remain in the body, but is eliminated through the 
organs of excretion, particularly the kidneys and skin. 

The skin excretes perspiration, which is mainly water in 
which certain waste materials are dissolved. Perspiration 
occurs to some extent when we are sitting quietly in a room 
of a comfortable temperature and humidity. When we be¬ 
come overheated, or when we are exercising vigorously, 
perspiration pours from the thousands of sweat glands in our 
skins. We may gain some idea of the amount of water that 
the body may lose through perspiration from the weights of 
football players before and after a game. A boy who weighs 
one hundred and eighty pounds before a game may weigh 
only one hundred and seventy-five pounds at its close. The 
difference in weight is due to excessive perspiration. This 
same boy will quickly regain his lost weight through the 
water he drinks, and the food that he eats. 

The evaporation of moisture lowers the temperature of 
the body and tends to keep it at an even temperature. Cooling 
a hot pavement by sprinkling it illustrates this principle. 

Water is necessary for the removal of perspiration and 
dust and dirt from the skin. For cleansing purposes, warm 
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water and soap are necessary. 

Water is a solvent, that is, it 
dissolves many kinds of sub¬ 
stances. Arrange six test tubes 
half filled with water in a test- 
tube rack. Add a small amount 
of the following substances to 
the different tubes: baking 
soda, sugar, fine sand, common 
salt, alcohol, and olive oil. 

Make a list of materials and 
place an “S” before those that 
are soluble in water. Fats and oils, however, do not dissolve in 
water. In order to remove the somewhat oily perspiration 
from the skin, soap is needed in addition to warm water. 

An experiment will explain why warm water alone will 
not remove oily substances, such as perspiration. Add two or 
three drops of olive oil to a test tube half filled with warm 
water. What happens? Now add ten drops of liquid soap to 
the tube and shake thoroughly. The oil and soap formed an 
emulsion, so that the oil no longer floats on the surface of the 
water. In the same way, soap forms an emulsion with the oily 
perspiration, so that it can be removed from the skin. 

A daily bath with warm water and soap will keep the skin 
in excellent condition. When a daily bath is impossible, two 
such baths a week should be considered a necessity in order 
to keep the skin in a heathful and inoffensive condition. 

Water is needed on the outside as well as on the inside 
of the human body. People with high standards of cleanliness 
use many gallons of water each day. 

4. How is water used in our homes? 

People who live in homes where the water is piped into the 
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SOAP USED TO BE MADE AT HOME IN 
SOAP KETTLES. 




houses do not realize how many gallons are used each day. 
If the water is pumped, and then carried into the house, less 
is used. However, several bucketfuls are needed each day, 
and on certain occasions large quantities are used. 

The uses of water in the home center largely around the 
idea of cleanliness. Water and soap can transform an un¬ 
sanitary house into a home that is sanitary and livable. The 
water that is used in keeping the home clean and sanitary, 
for dish washing, and for laundry and bathroom purposes, 
must be disposed of. In modem homes this water, along with 
solid wastes, is run into sewers or septic tanks. 

A home seems more complete with a lawn, shrubbery, and 
flowers. Cities have learned that they are much more attractive 
and homelike when they have parks here and there. Many 
families grow a part, if not all, of the vegetables which are 
used in the home. Ordinarily little irrigation is required 
in the eastern states. However, if rains do not come at the 
right time, or if seasons of drought prevail, the lawn and 
other plants must receive artificial watering, or irrigation. 
In the arid (dry) sections of the western states, home owners 
need to irrigate lawns and gardens during much of the year. 

Irrigation of home grounds and of city parks is frequently 
accomplished by spraying or sprinkling the water on the soil. 
Sometimes furrows or trenches are dug between the rows of 
vegetables and flowers, and around trees and shrubbery. 
Water is then run into the trenches, and seeps into the soil 
where it can be absorbed by the plants’ roots. In towns where 
the water is metered, the amount used for irrigation purposes 
can be estimated by comparing the sizes of the water bills 
during the season of rainfall and times of drought. 

You can easily observe how irrigation works in the school 
classroom. Build a shallow wooden tray that will hold water, 
or find a large shallow metal pan. Set this in a sunny window. 
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Set in the tray pots of flowers that can be brought from home. 
Be sure that the pots have holes in the bottom. Water the 
plants by pouring water into the tray around the bottoms of 
the pots. Do not pour more water in the tray than the plants 
will take up within a relatively short time. Do not let the 
plants stand in water for any length of time. See if you can 
keep the plants in good growing condition for six weeks by 
this method of irrigation. 

5. What foods contain water? 

Milk is referred to as being the moat nearly complete 
or perfect food. When the chemist examines milk, he finds 
that it contains a variety of food materials. Milk contains 
sugar; proteins that build and repair tissue; calcium and 
phosphorus needed for strong bones and teeth; fat, which 
we call cream; and Vitamins A, B, and G. While milk con¬ 
tains a variety of solid materials these form only about 
thirteen per cent of the total weight of the liquid. Water is 
by far the most plentiful substance in milk. It makes up 
approximately eighty-seven per cent of its weight. 







ALL VEGETABLES, FRUITS, AND ANIMAL FOODS CONTAIN WATER. 
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Let us consider other foods which are not liquids, but 
solids. We commonly think of meats as being among the 
most nourishing and strengthening of foods. It is rather sur¬ 
prising to discover how much of a pound of beefsteak, for 
example, is water. Chemists tell us that about sixty per cent 
of beefsteak is water. Other meats contain large amounts of 
water. Chicken is seventy-two per cent, and pork steak fifty 
per cent water. 

We should expect fresh fruits and vegetables to contain 
large amounts of water. Chemical analysis proves this to be 
true. Apples are eighty-three per cent water; bananas, 
seventy-five per cent; cabbage, ninety-one per cent; celery, 
ninety-four per cent; lettuce, ninety-four per cent; oranges, 
eighty-seven per cent; potatoes, seventy-nine per cent; and 
tomatoes, ninety-five per cent water. 

Dried or dehydrated fruits and vegetables are often used. 
When foods are shipped long distances it is expensive to 
transport them when they contain large quantities of water. 
When Admiral Byrd ordered the supplies that were taken 
on his last expedition to the Antarctic, tons of potatoes, car¬ 
rots, and other vegetables were dehydrated (dried). The 
dried vegetables occupied much less space on the ship and 
kept in good condition much longer than vegetables contain¬ 
ing much moisture. 

Peel some apples or potatoes, and cut them into thin slices. 

‘ Weigh out a pound of the material and place it in an un¬ 
covered pan in an oven, having a temperature of 250° F. 
Watch the material, taking care that it does not burn. Weigh 
the substance after it has been in the oven for one hour. 
Figure the percentage of water that has evaporated from 
the food. 

You know that dried peaches, prunes, raisins, and such 
foods as navy beans, cornmeal, niacaroni, and flour can be 
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ONLY DESERT SHRUBS CAN CROW IN THE SOIL OF CERTAIN SECTIONS OF THE 
SOUTHWEST. WHAT IS NEEDED TO TURN THIS INTO A FERTILE REGION? 


; kept without spoiling for many months if moisture does not 

1 reach them. There is some water, in the so-called dry foods. 

I Dry beans contain about thirteeii per cent water by weight. 

Cornmeal contains fifteen per cent; macaroni ten per cent; 
I and wheat flour thirteen per cent water. When additional 

moisture reaches these foods, they usually mold or show 
' other signs of having become unfit for human use. Bacteria 

I (see page 175) are present in the air and sometimes on the 

i foods themselves. These microbes cannot grow in an absence 

I of moisture. When this necessary moisture is present, they 

[ begin to develop. Other organisms cause the fuzzy growth 

I that we call mold. 

Only a part of the water necrasary for life and health is 
supplied by what we drink. Much of it is contained in the 
foods that ,we eat. As we have seen, many fresh fraits and 

119 


A 



SACUARO, TUB GIANT CACTUS OF 
ARIZONA, LIVES FOR MANY YEARS. 


vegetables are largely -water, 
and even the driest of foods 
contain some of this necessary 
liquid. 

6. How do desert plants and 
animals get water? 

Some of you may have 
visited a desert region in the 
southwestern part of the United 
States. During most of the year 
these deserts are sandy wastes, 
the grays and greens of the 
foliage relieving the monotony 
of the light-colored sandy soil. 
Occasionally travelers see the 
desert when it presents gor¬ 
geous colors of yellow, pink, 
blue, and red. These brilliant 
colors are due to desert flowers 
that bloom for a short period 
in the spring following the win¬ 
ter rains. The deserts do not 
bloom every year because there 
is not always sufficient rain to 
make the seeds that lie in the 
sandy soil sprout or germinate 
and grow into flowering plants. 

A desert has less rain than 
other regions of the earth. 
Cloudbursts may occur on the 
desert, but the rainfall is gen¬ 
erally less than five inches dur- 
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ing the twelve months of the year. This moisture soon evapo¬ 
rates from the sandy soil. The great scarcity of water is the 
outstanding characteristic of a desert. 

Where such conditions prevail, we expect to find cacti of 
various kinds, the creosote bush, and sagebrush. Joshua trees, 
strange members of the lily family, are found in certain 
localities, and trees, such as the Palo Verde tree and the 
smoke tree, grow in other places. 

Naturally, all desert plants must be able to live and grow 
with a limited supply of moisture. Some of these desert 
dwellers become very large. The Saguaro, or giant cactus of 
Arizona, lives for many years and grows into a huge plant. 
Many of these giant cacti are protected in the Saguaro Na¬ 
tional Monument near Tucson, Arizona. However, desert 
plants are usually stunted and dwarfed because of the very 
meager supply of water. 

If we can examine some of the desert plants, we can easily 
understand how they are fitted to live in these lands of little 
rain. The leaves, roots, and stems of desert plants are unlike 
those of plants growing in other localities. Let us find out 
how these parts of the plants enable them to “carry on” in 
the regions of perpetual drought. 

You read on page 107 that large amounts of water vapor 
escape into the air through tiny openings on the leaves of 
plants. Tons of water pass through these small openings on 
the leaves of plants growing on a single acre of moist soil 
during one season. Oak trees, corn, and wheat, for example, 
have large areas of leaf surface through which great quan¬ 
tities of water escape as water vapor. Transpiration is the 
name given to the escaping of water vapor from the leaves. 

You can prove for yourselves that much water escapes 
through the leaves if you wifi, take a piece of waxed paper 
—;that from around a loaf of bread will do—into the home 
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MANY DESERT ANIMALS OBTAIN 
TfATEtt FROM A BARBEL CACTUS. 


or the school garden. Select 
some plant that is not too tall 
to be covered by d one-qaart or 
two-quart fruit jar. Carefully 
cover all of the soil around the 
plant with the waxed paper so 
that the jar rests entirely on the 
poper. In a few hours the in¬ 
side of the jar will be covered 
with water that came from 
the condensation of the water 
vapor of transpiration. Why is 
it important that the soil is 
completely covered with the 
waxed paper? 

The leaves of desert plants 
are fashioned in such a way 
that very little of the precious water escapes through them. 
The leaves of many desert plants are gray or grayish green, 
as they have a covering of a powdery substance, or a coating 
of fine “wool,” which helps to prevent much transpiration. 
Some leaves are thick and leathery and have a varnished 
appearance. Other leaves are thick and fleshy so that water 
can he stored in them for future use. Some desert plants 
shed their leaves soon after the winter rains. In general, the 
leaves of desert plants are smaller and less numerous than 
those on plants that grow where water is abundant. 

If we could visit a desert and dig up the roots of some 
of the plants, we should find that they extend far into the 
soil and spread out farther in all directions than do the roots 
of ordinary plants. The extensive root systems enable the 
desert plants to secure all of the available moisture from 
the soil and through these carry the moisture to the stems. 
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The stems of most desert trees and shrubs are very hard 
and covered with a thick skin or bark which prevents much 
water being lost through them. In most varieties of cacti, 
stems take the place of leaves. These stems are often pro¬ 
vided with a waxy substance called cutin. Sometimes they 
have other forms of protection against the hot, dry desert air. 
The stems of cacti are frequently storage places or reservoirs 
for water. 

We know that animal life depends upon the plant world 
for a food supply. Desert animals depend upon desert plants 
not only for their food supply, but in many cases for their 
water supply also. Desert snails and desert tortoises obtain 
their water from the juices of plants. The rodents, those small 
animals that are provided with sharp, gnawing teeth, also 
obtain their water from the stems of desert plants. Kangaroo 
rats and ground squirrels often gnaw into the stems of the 
barrel cacti and make use of the water that has been stored 
there. 

Some animals do not eat vegetation but feed upon the 
flesh of other animals. They obtain their water from the flesh 
and blood of their victims. The red racer snake may swallow 
a whip-tailed lizard. The lizard had secured its water 
from insect food. The insects had secui’ed their water from 
plants. 

Large animals, such as the coyote and the fox, require such 
large amounts of water that they visit water holes, or the 
infrequent small streams which can be found on the deserts 
from time to time. 

A surprisingly large variety of animal life is found in 
desert regions. Many kinds of plants are likewise found in 
these unfriendly places. All of them are able, to live under 
these dry conditions because they waste none of the water 
available to them. 
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7. When does water destroy living things? 

You have read of the living things that are found in the 
localities called deserts. These localities would be fertile, 
fruitful areas if more water could be provided. Water is 
necessary for all life, yet people sometimes experience the 
destruction of plants and animals because there is too much 
water. At such times we wish that some of the flood waters 
could be carried to the dry lands of the deserts. Engineers 
■are learning to prevent floods and to irrigate the deserts. 

Crops are usually destroyed when rivers overflow and their 
waters stand on the fields for a time. One exception is rice 
which thrives in flooded sections. The Dutch have saved thou¬ 
sands of acres of farm land by building dikes and pumping 
out the sea water from the enclosed fields. 

Vary the irrigation experiment suggested on pages 116-117, 

CBEAT PROPEBTY DAMACE OCCURS WHEN RIVERS OVERFLOW THEIR RANKS. 


by observing the effect of too much water on a growing plant. 
Get some thriftily growing plant such as a potted geranium. 
Set the pot in a dish larger than the pot and some two inches 
deep. Place the whole in a sunny window. Keep the dish in 
which the pot sets filled with water so that the soil is always 
saturated with water. Observe the plant for three weeks. 
What happens? 

Animals, as well as plants, are destroyed by floods. Cattle 
and horses are often drowned when rivers overflow their 
banks and flood the pastures. 

Floods not only destroy plants and animals, they have an 
indirect and very important effect on future crops. Tons of 
fertile topsoil are washed away when the Mississippi, the 
Ohio, and other rivers go on a rampage. This loss of plant 
food will result in smaller and poorer crops in the years 

BOULDEE DAM FUBNISHES A LABCE SUPPLY OP WATF-R FOR IRBICATIONi II ALSO 
PREVENTS POSSIBLE FLOODS. 






to come. Great levees have been built along the Mississippi 
and other great rivers in order to prevent further damage. 
Previous flood damage has amounted in the United States to 
forty million dollars annually. 

Floods always endanger the purity of a city’s water supply. 
As a result, typhoid-fever epidemics occur if the Red Cross 
or some other relief agency does not enter the stricken area 
and administer typhoid vaccine to the flood victims. 

No way has been found to prevent the great droughts like 
those which occurred in the middle-western states in recent 
years. Floods can be prevented to a great extent. Several 
great construction programs of recent years which will help 
to prevent floods are Boulder Dam in Nevada, Grand Coulee 
in Washington, and the Tennessee Valley Project, The water 
stored will be used, and the dangers from the overflowing 
of the rivers will have been lessened at the same time. 

THINGS TO DO 

1. Fill a glass or beaker with ice water. Place it on a table 
in the room for about fifteen minutes. Does your obser¬ 
vation confirm the experiment on page 109? 

2. Make a list of ten solids, ten liquids, and five gases. 

3. Make a bar graph to show the amounts of water that 
are contained in the foods that were mentioned in 
problem 6. 

4. Make a collection of pictui’es of desert plants and ani¬ 
mals, and display them on the class bulletin board. 

5. Arrange to have some member of the class, who has a 
toy steam engine, bring it to class so that all may see 
how it operates. 

6. If there is a water meter for your home, learn how to 
read it. 

How many cubic feet of water is used in your home in 
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twenty-four hours? How many gallons? Howmanyquarts? 

8. Obtain a Fahrenheit thermometer, an ordinary room 
thermometer will do, and learn the temperature of the 
air in the room. Now cover the lower end of the ther¬ 
mometer with cotton that has been saturated with cold 
water. Take the thermometer reading five minutes later. 
Do your results check with the information given on 
page 114? 

9. Bring two pieces of stale white bread into class. Moisten 
one piece and place it under a beaker or tumbler. Let 
the other remain dry and uncovered. Compare the 
results in two or three days. Write a paragraph based 
on your results on “Preventing the Spoiling of Foods 
in our Homes.” 

10. Taste the water from your faucet or well. Now boil 
some of the water for fifteen minutes and when it is 
cool taste it again. How do you account for its changed 
taste? 

11. Write to a station of the United States Weather Bureau 
to find out the average yearly rainfall in your locality. 

12. Make a collection of photographs, including kodak pic¬ 
tures taken by members of the class if possible, that 
show the destructive effects of erosion (water washing 
away the soil) on hillsides, vacant lots, and unplanted 
fields. Display them on the class bulletin board. 

13. Make a large diagram to illustrate the journey of a rain¬ 
drop from the ocean until it returns to the ocean. 

SOME THINGS TO REMEMBER 

1. Water changes into water vapor by the process of 
evaporation. 

2. Large quantities of water vapor-escape from plants by 
the process of transpiration. 

3. Clouds are composed of condensing water vapor. 
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4. Rain and snow fall from nimbus clouds. 

5. Water exists in each of the three states of matter. 

6. Water boils at a temperature of 212° Fahrenheit, or 
100° Centigrade. 

7. Water freezes at a temperature of 32° Fahrenheit, or 
0° Centigrade. 

8. Steam power has been widely used in many industries. 

9. Both ice and steam are used to preserve food. 

10. About two thirds of our body weight is water. 

11. All food contains water. 

12. Water is a widely used solvent. 

13. Water is used about many homes for irrigation of lawns 
and gardens. 

14. Desert plants grow in regions of little rainfall. 

15. Many desert animals obtain both their food supply and 
water supply from desert plants. 

16. Too much water in the form of floods may be very 
destructive. 
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UNIT FIVE 


The Living Things About Us 

What This Unit Is About 

Did you see a bird, an unusual dog, or an interesting 
tree on the way to school this morning? Many people walk 
along the same block day after day and fail to notice such 
things as an especially beautiful tree, an oriole’s nest, or 
a dragonfly hovering over a lily pool. Probably there are 
few people who could not discover a new plant or animal 
in a near-by yard or park. 

Can you imagine a world without trees, flowers, birds, 
insects, and tlie great variety of animal life that surrounds 
Tis? Those who live in the country and in the smaller 
towns and cities are fortunate because they have an oppor¬ 
tunity to know the plants and animals about them, and 
to call them friends. 

There are city children who live in an absence of trees 
and grass. They are acquainted with few animals that 
might serve as pets. It was discovered a few years ago that 
there were many children in Los Angeles who had never 
seen a cow. So, two fine cows and their calves were taken 
in trucks to visit the children at the various schools. There 
are children in New York City who know nothing at first 
hand of wild flowers or any form of wild animal life. 

We shall not enjoy the plant and animal life about us 
unless we learn to look for possible items of interest in all 
the plants and animals that we see. 
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The Living Things About Us 

UNIT PROBLEMS 

1. Was the earth always a fit home for living things? 

2. What things are necessary for plant and animal life? 

3. What kinds of animal life are found about us? 

4. What kinds of plant life are found about us? 

5. What are some undesirable plants ? 

6. How do present-day plants and animals differ from, 
those of previous times? 

1. Was the earth always a fit home for living things? 

If we had visited the earth hundreds of millions of years 
ago, we should have found it a very inhospitable place for 
either plants or animals. There was no covering upon the 
earth’s crust such as we call soil. There were no lakes, 
rivers, or oceans as we know them now because the rocky 
surface was so.hot that the water evaporated as quickly as 
it fell. At one time in its early history the earth was sur¬ 
rounded by dense or heavy gases, so that it would have been 
impossible for any living thing to breathe. The drawing on 
page 132 is a scientist’s idea of how the earth appeared when 
it was very young. Why do we see no evidences of plant and 
animal life in the picture? 

Finally, after many millions of years the earth’s surface 
cooled, parts of it became covered with soil and so began to 
be ready to be the home of living, breathing animals and 
plants. 
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AN artist's drawing rohthays an imaginary landscape a billion or more 

YEARS AGO, THERE WERE HO TREES OH OTHER FORMS OF LIFE. 

2. What things are necessary for plant and animal life? 

There are things which are necessary for any kind of 
plant and animal life. All living things must have food. 
Plants obtain their nourishment from the soil, water, and air. 
All of the green plants must have sunlight in order to carry 
on their processes of food manufacture. Animals have a 
variety of feeding habits. Some of them, such as the deer, 
eat only parts of plants or vegetation. Others, for example 
the coyote and the wolf, eat only the flesh of other animals. 
Still others, such as bears, eat both plant and animal food. 

We have all seen plants wither and die because of a lack 
of moisture. Animals, too, cannot exist without water. Some 
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THE KOALA, LIKE THE KANGAROO, CARfUES ITS YOUNG IN A POUCH. THESE 
MAMMALS ARE AT HOME IN THE EUCALYPTUS FORESTS OF AUSTRALIA. 

animals do not drink water but obtain it from their food. The 
koala bear in Australia uses eucalyptus leaves as a source of 
both food and water. Some of the animals that live on our 
arid western plains and on our American deserts obtain their 
water from the plant material that they eat. 

As we have seen, air is also necessary for life. Food and 
water are sometimes scarce, but air is always plentiful even 
above the plains and deserts. Living things can do without- 
food and water for some days, but the oxygen in the air is 
their most immediate need, and some forms of animal life die 
in a few minutes if deprived of this life-sustaining gas. 

Temperature, or the degree of warmth, is important in the 
lives of all plants and animals. Some plants and animals 



are found only in cold climates. 
Others require the heat of the 
tropics. Others are best suited 
to life in the temperate zones. 

Temperature conditions in 
Florida and Southern Cali¬ 
fornia are very different from 
i'' those in Minnesota and the 

3 Dakotas. We find oranges 
BACTEiHA THAT LIVE IN THE NODULES gj^Qwing iu Warm arcss where 

ON THE BOOTS OF CLOVEE AND RELATED l « IJL ■ 

a wheat crop would be impos- 

PLANTS COMBINE NITHOCEN FROM THE _ ^ 

AIR WITH SUBSTANCES IN iHE SOIL. siblc. Wheat grows abundantly 

in the Dakotas and Minnesota 
where oranges would be killed by the low winter temperatures. 
The crocodile is an inhabitant of warm climates, while the 
polar bear is a native of the cold arctic regions. All plants and 
animals have certain temperature requirements, and many 
of them are killed by temperatures which are much above or 
below those to which they, are accustomed. 

You can try the effects of some of the factors necessary 
for life with living plants. Sprout some bean seedlings. This 
can be done by soaking the beans in water overnight and 
then placing them in damp sand or sawdust until they have 
sprouted leaves. Carefully plant each bean in a small paper 
pot or plant them in water. If you plant in water, fill wide- 
mouthed bottles with water and tie a piece of stiff paper over 
the mouth. Cut a slit in the paper and allow the root of a 
. bean seedling to drop through into the water. The bean will 
rest on the paper and the stem and leaves will grow above 
the paper. 

Plant one of your seedlings in a dry bottle. How long can 
it live without water? Place one on the window sill in a sunny 
spot. Place another in a dark box, but keep the temperature 
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near that of the room. Compare these two after several days. 
What conditions have affected the growth of these seedlings? 

Keep one bean seedling at room temperature for two days. 
Keep another in a refrigerator for two days. Compare these 
two. What was the temperature inside the refrigerator? Were 
there any factors about the inside of the refrigerator that 
made it less desirable than an open room for a bean plant? 

Place one of the bean seedlings in a quart glass fruit jar. 
Put a rubber ring around the top and seal the jar tightly. 
Place the jar in good light and leave it sealed for several 
days. What happens to this plant? Explain all the things that 
happen to it. 

3. What kinds of animal life are found about us? 

Our environment has been defined as our surroundings, 
or we may say that it is the region which surrounds us and 
our homes. It is evident that we shall find different kinds 
of animals in different environments. For example, a boy 
or girl living in a large city will not find all of the kinds 
of animals that are observed by children who live in the 
smaller towns and the coimti-y. On the other hand, city 
children who are able to visit a zoo will be able to see 
strange animals that rural children may know only through 
reading or through pictures. Because the distribution of ani¬ 
mals depends very largely upon climate, we shall find that 
certain species of animals are found in places that have a 
peculiar or distinctive climate. Thus, animals are found in 
desert regions that are found in no other place, and certain 
other animals are characteristic of the mountains and the 
seashore. 

Many animals are kept in zoos far removed from the 
natural environments of their kinds. What must the zoo 
keeper provide in order to be sure that these animals will 
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live? Select some one animal of interest to you that is found 
in a zoo. For example, polar bears or tigers kept in zoos in 
our country are far removed from their original environment. 
For your animal, list the important things in its native en¬ 
vironment that it must have. Now tell briefly how these things 
are provided in a zoo. Are there any other things that must 
be provided for your animal kept in captivity, that do not 
seem important for similar wild animals? 

You should be able to obtain some help on this problem 
from W. T. Hornaday’s “American Natural History,” the 
school encyclopedia, or R. W. Hegner’s “Parade of the Ani¬ 
mal Kingdom.” If you live near a good zoo, make trips to the 
zoo to check your findings by actual observations of the care 
given the animal of your choice.' 

Some animals live in the soil, some in water, and some 
remain in the air above the earth for long periods. 

Earthworms are valuable animals that live in the soil. 
They cultivate the soil by mixing the surface soil with that 
from below, thus bringing the under layers of soil to the top. 
Each earthworm turns over and mixes much soil each year. 
Soils that do not have any earthworm-inhabitants are often 
poor and do not provide a satisfactory home for plants. Earth- 
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worms not only help to improve the texture of the soil, but 
they furnish a considerable part of the food supply of some 
birds. 

Secure some earthworms. Find out if they see, smell, and 
taste. What do you need to know about the environment of 
earthworms in order to find them? Where is an earthworm 
more likely to find food? Ask an experienced fisherman. 

The soil frequently contains insects in various stages of 
development. The brown pupa case of a hawk moth, some¬ 
times called a “tomato worm” in its larva stage, lives in the 
soil. Cutworms which are the larvae of certain beetles are 
also found in the soil. Cutworms do great damage to young 
and tender plants. 

Find some “tomato worms** on tomato plants or the brown 
pupa cases in the soil and watch them complete their life 
cycles. 

Ants also live in the soil. Their nests are frequently near 
the surface and consist of a number of irregular chambers or 
rooms. Ants may be very troublesome if they get into houses. 
A few kinds do great damage to growing fruits and vegetables. 

The different forms of life that are found in the water 
illustrate how certain plants and animals are fitted to live 
under the conditions of temperature, moisture, and food 
supply that are found in their particular environment. Those 
who live near a river or a pond have a splendid opportunity 
to study the plants and animals that live in the water. Hiyi- 
dreds of kinds of living things may be found in a pond dur¬ 
ing the spring and summer. Some of these are so small that 
a microscope must be used in order to see them. 

You can easily obtain considerable information for your¬ 
self about the life in fresh water ponds or streams near you. 
Arrange a small aquarium. Use a straight-sided glass jar 
that will hold at least a gallon. Place some clean washed sand 
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and a few pebbles in the bottom. Fill the jar with water from 
the nearest creek or pond. Fmd some small water plants and 
plant these in the sand in the bottom of the jar. If you do 
not find suitable ones, such a plant as elodea can often be 
bought from a florist. Cover the jar with a pane of glass. As 
you find them, add water snails, frog eggs, small tadpoles, 
and water insects. From time to time examine drops of the 
water under a microscope. Report what you can find. After 
six weeks make a report on die things that have been found 
growing in the jar, 

A drop of water may contain a dozen or more small ani¬ 
mals that move about rapidly. One of the most common of 
these one-celled animals is shaped like a slipper and is 
called paramecium. Others are round, and still others are 
shaped like a hell. There may be a small zoo in a single drop 
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of water. Some of these micro¬ 
scopic animals are shown on 
this page. 

Animals that live in the 
water, regardless of their size, 
depend upon green water plants 
for their food and much of 
their oxygen supply. Many 
water animals feed on pond 
scums, or algae, which are sim¬ 
ple forms of plants found in 
many ponds, lakes, and pools 
during the warmer months. The 
algae float on the water and 
sometimes form an almost 
solid covering over it. When 
examined with a microscope, 
the algae show many interest¬ 
ing and beautiful patterns. 

The larger aquatic plants are 
more familiar to us than the 
small microscopic ones. Water 
lilies, cattails, and reeds are 
frequently found in ponds, 
lakes, and slow moving rivers 
where their roots are anchored 
to the muddy bed of the lake 
or stream. Water lilies are 
among the most beautiful of 
our flowering plants. Their 
roots are anchored in the mud 
beneath the water and their 
large leaves and flowers are 
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VORTICELLAE ARE ONE-CELLED ANI¬ 
MALS. DOZENS CAN DE CONTAINED 
IN A DROP OF WATER. 


PARAMECIA ARB MINUTE ONE-CELLED 
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buoyed up (supported) by the water. In a dry season water 
lilies in some places fill the bed of a small stream or pond. 

Animals that have a bony skeleton are called vertebrate 
animals. Several kinds of vertebrate animals are found in 
the water. Fishes obtain both food and air from the water. 
As we have learned, gills in a fish serve the same purpose as 
lungs in higher animals. 

Other vertebrate animals which spend a part of their lives 
in the water are called amphibians. Frogs are amphibians. 
The female frog lays large masses of eggs in quiet water. 
There are sometimes two to four thousand eggs in one egg 
mass. Why do you think so many eggs are produced? The 
tadpoles that hatch from these eggs look more like small fish 
than small frogs. They breathe by means of gills. Soon the 
hind legs develop, and after a few weeks the front legs ap¬ 
pear. The tail gradually disappears; the small frog breathes 
with its lungs and is able to live on land. If you have ever 
watched frogs develop through these different stages, the 
pictures on page 141 are familiar to you. Several years must 
pass before some species, or kinds, of frogs become full- 
grown adults. Toads, newts, and salamanders are other 
amphibians you may find in the water during the time of the 
year that ponds and small streams offer a favorable environ¬ 
ment for these animals. 

Plan to get some, frog eggs in the spring. Place these in 
an aquarium like that described on pages 137-138. Watch 
them as they develop. From day to day examine some of the 
eggs under a good hand lens to see how the eggs begin to 
divide. After the tadpoles have hatched watch for the changes 
that take place as they grow. 

To better understand the animals in our environment, it 
is convenient to arrange them in related groups or orders. 
An order is a division of the animal world that contains a 
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rather large group of related fami¬ 
lies. We know that human heings are 
grouped into races, nationalities, 
and finally families. It is necessary 
that animals be grouped in some 
way to show their similarities and 
relationships. The fishes, amphib¬ 
ians, and insects mentioned in the 
preceding pages belong to large di¬ 
visions of the animal kingdom that 
are known as orders. .> 

Birds are sometimes divided into 
four groups, depending upon how 
long they remain in a locality. Resi¬ 
dents remain throughout the year. 
Summer residents spend the warm 
months in one region and migrate 
southward as winter approaches. 
Winter residents spend the winter in 
one locality and migrate northward 
for the spring and summer months. 
Transients are migratory birds that 
may stop over for a long visit in a 
locality, or may remain only a few 
days much as a tourist stops for a 
visit in a town or city. Three hun¬ 
dred and fifty-one species of birds 
have been seen and recorded some¬ 
where in the state of Kansas during 
some season of the year. Of this 
number, fifty-one are residents, one 
hundred and twenty-five are summer 
residents, thirty-six are winter resi- 
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dents, and one hundred and thirty- 
nine are transients. 

Winter is a good time to begin 
to know some of the birds that 
are with us as residents and tran¬ 
sients. The dense foliage that con¬ 
ceals the birds at other seasons 
of the year falls from the decidu¬ 
ous trees (see page 170) and the 
birds are easily seen on the bare 
limbs. Sometimes the snow furnishes 
a revealing background for them. 


During the winter months when food is scarce, the birds 


become bold enough to come up to a feeding station placed 


outside a window to enjoy the suet or grain provided for 


them. 


Woodpeckers, nuthatches, chickadees, and kinglets are 
insect-eating birds that are attracted to the suet during the 
cold winter months. Tree sparrows, slate-colored juncos, gold¬ 
finches, and cardinals depend upon seeds for the bulk of their 
food. They soon learn to visit a feeding station where seeds 
of sunflowers, pumpkins, millet, hemp, rye, barley, and wheat 
are waiting for them. 

Put out pieces of suet for the insect-euting birds that are 
about your home in winter. Make a list of the kinds of birds 
that visit your feeding station during a period of two weeks. 

In the summertime we may expect to find robins and blue¬ 
birds, members of the thrush family, near our homes. The 
robin is one of the common birds in the United States. Robins 
nest in low-branching trees, in shrubbery, or in vines. The 
food of robins consists of cutworms, caterpillars, moths, grass¬ 
hoppers, beetles, earthworms, and fruits. These birds should 
not be begmdged the cherries and strawberries that are their 
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special delight, for many injm'ious insects are eaten to satisfy 
their huge appetites, thus protecting garden plants and trees. 

The English sparrow, or house sparrow, was introduced 
into the United States from England and is found throughout 
the United States. Everywhere it is considered to be a pest. 
These small birds commonly live in towns and cities as well 
as in the country. They destroy fruit as well as buds on 
cultivated trees, shrubs, and vines. They eat more grain and 
less insect food than any native sparrow. They destroy the 
nests and eggs of other useful birds. Because of their filthy 
and destructive habits, the English sparrows, unlike the 
robins and the bluebirds, are not given protection in any of 
the states. 

Baltimore and orchard orioles in the central and eastern 
states, and the Arizona hooded and the Bullock orioles in the 
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Southwest, are gorgeous summer residents in any yard or 
garden. The food of orioles consists largely of insects and fruit. 
Different species of hummingbirds are found in various 
sections of the United States. In the eastern states the ruby 
throat is more or less common. In the West, the Anna hum¬ 
mingbird is frequently observed feeding from flowers that 
have tubular blossoms. Hummingbirds are the smallest of the 
many species of birds. Nectar from flowers is supposed to be 
their chief food, but examinations of their tiny stomachs have 
shown that insects and spiders furnish nearly ninety-five per 
cent of their food. Observation will enable us to determine 
the food habits of the different birds around our homes. 
Make a record of the dates when robins, bluebirds, meadow 
larks, killdeer, blackbirds and other species of birds are first 
seen near your home in the spring. 

Where would you look for the homes or nests of the dif¬ 
ferent species of birds? As a rule, birds build their homes 
near their food supply. So, if we know something of a bird’s 
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feeding habits, we have some idea of where to look for the 
nest. Many species of birds build their nests on the ground 
or in bunches of grass. The bobwhite, homed lark, killdeer, 
meadow lark, pheasant, spotted sandpiper, and song sparrow 
nest in fields. The black and white warbler, hermit thrush, 
ruffed grouse, towhee, whippoorwill, and woodcock hide their 
nests on the ground in the woods. The bittern, black duck, 
coot, loon, marsh hawk, snipe, Virginia rail, and Maryland 
yellowthroat nest in marshes. 

Some of the ground-nesting birds have clever methods of 
protecting their eggs and young. The killdeer, for example, 
deserts her nest when enemies approach. The eggs and young 
are colored so much like their surroundings that they escape 
the notice of intruders. Horned larks, vesper sparrows, and 
meadow larks protect their nests in a similar way. 

Some birds protect their nests by pretending they are dead 
or dying. When an enemy approaches within a few feet of a 
mourning dove’s nest, the bird flies to the ground and drags 
along like a seriously injured bird. If a person, dog, or cat 
starts toward the bird, it flies away and the location of the 
nest remains a mystery. Quails, nighthawks, ducks, and 
many other ground-nesting birds protect their nests or young 
by this method which is called concealment by abandonment. 

Bimrows in the ground are the homes of some species of 
birds. Bank swallows, cliff swallows, kingfishers, and rough 
winged swallows successfully conceal their nests in burrows 
in banks that border along a stream. 

Most of the song birds nest in trees and shrubbery. They 
feed largely upon insects that live on trees and shrubbery, or 
sometimes on the fruits of plants near the nesting site. The 
various species of vireos suspend their nests from bushes and 
trees, as do the orioles. Robins’ nests are built in trees as a 
rule and consist of grasses and mud. The hummingbirds, 
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goldfinches, brown towhees, scarlet tanageis, cedar waxwings, 
red-breasted grosbeaks, blue jays, and cardinals are other 
bird-neighbors that conceal their nests in the leafy branches 
of some tree or shrub. When the leaves fall from the de¬ 
ciduous trees, the empty nests become visible. 

Holes in trees and bird boxes furnish homes for other 
species of birds. The woodpeckers drill holes in trees and 
lay their eggs in the cavities without building a nest of 
grasses, feathers, or other materials. The house wren, blue¬ 
bird, tree swallow, and chickadees build their nests in old 
woodpecker holes, in natural cavities in trees, or in bird 
houses with similar openings. Sparrow-hawks and screech 
owls use cavities in trees that were made by flickers, members 
of the woodpecker family. They lay their eggs in these homes 
without going to the trouble of building a nest. Barred owls, 
great horned owls, and wood ducks use larger natural cavities 
for their homes. 

Other birds establish their homes in very strange places. 
Gulls, pelicans, and cormorants build their nests of seaweeds 
on some rocky island high above the sea. Barn swallows 
build homes of mud under the eaves of buildings. Cliff 
swallows frequently attach their mud houses to bridges. Barn 
owls often choose the belfry of a church, a deserted attic, or 
other abandoned building for a site in which to rear their 
young. The American dipper or water ouzel finds a home 
among the stones in some small stream that never dries up. 

Make a collection of abandoned birds* nests in the fall. 
Label each one carefully with the name of the species of bird 
that built it. 

We can invite the birds to make their homes near our own 
by providing food supply, water, and natural cover for the 
kinds of birds we desire to attract. If we have trees or 
shrubbery in our yards we expect some of the song birds to 

146 



A BOY HANDY WITH TOOLS CAN EASILY MAKE A WINDOW-SHELF FEEDING STATION 
FOR SEED-EATING BIRDS. 

nest there, especially if we provide shrubs that produce fruits 
eaten by birds. If we want to become acquainted with a 
family of wrens, bluebirds, or chickadees, we can furnish a 
suitable home for their use. There are few more interesting 
experiences than having bird friends live in our yards and 
gardens. 

One of the reasons we want the birds to build their homes 
near our own is that we enjoy their calls and songs. People 
used to believe that birds sing to charm or captivate a mate. 
The females of most species pay little or no attention to the 
songs of the male birds. Today, people who make a scientific 
study of birds tell us that singing during the nesting season 
is to announce to the bird world in general that certain terri¬ 
tory has been claimed and that all other males are to keep 
out. Birds lay out the boundaries of their home sites much 
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as miners stake out their claims. Of course a bird does not 
put a fence around his chosen territory, but his song from 
the nearest point establishes his claim. 

Bird territories are of two kinds: nesting and feeding 
teirritories. In some instances the nesting and feeding grounds 
are the same. In cases where birds nest in colonies, as for 
example birds that nest on a small island, or cliff swallows 
that plaster their mud nests close to their neighbors, the feed¬ 
ing territories must be different from the nesting territories. 

Try to determine whether the feeding and nesting terri¬ 
tories of the birds around your home are the same. Watch for 
the arrival of some of the birds in the spring and listen for 
. fhe songs of the male birds as they select their territories. 

We are familiar with the fact that there are relatively few 
birds with us throughout the year. They appear in the spring 
and disappear in the fall. The movements of birds to and 
from their nesting grounds is called migration. Early peoples 
did not understand the disappearance of the birds in the fall' 
and their reappearance in the spring. They had many strange 
ideas concerning them. Some thought they had gone to the 
moon. Others believed that the swallows sank into the mud 
of river bottoms. Even today some people in Europe, think 
that small birds cross the Mediterranean Sea on the backs 
of storks. 

The Bureau of Biological Survey, of the United States 
Department of Agriculture, has gained much accurate in¬ 
formation about bird migration during the last forty or fifty 
years. This bureau has stationed over North America hun¬ 
dreds of people who catch birds in order to place small metal 
bands around their legs. They then release the birds hoping 
that they may be recaptured and the number on the tag 
noted. In this way exact information of their travels will be 
gained. Some of the birds travel thousands of miles between 
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their summer and their winter homes. Many birds fly from 
North America to South America in order to have a warm 
winter home where food is plentiful. The bands on the birds’ 
legs tell us that many of them make the same journey year 
after year. 

Banding gives accurate knowledge about the travels of 
birds. An American tern, handed off the coast of Maine on 



THE GOLDEN PLOVERS THAT BREED IN THE ARCTIC REGIONS MAKE A NON-STOP 
FLIGHT FROM EASTERN CANADA TO SOUTH AMERICA. THEY RETURN BY WAY OF THE 
MISSISSIPPI VALLEY. THE PACIFIC STATES PLOVERS THAT BREED IN ALASKA MAKE 
A NON-STOP FLIGHT TO AND FROM HAWAII, THE MARQUESAS ISLANDS AND THE 

LOW ARCHIPELAGO. 
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July 3, 1913, was found dead in British West Africa in 
August of the year 1917. Two black-headed gulls were 
banded at Rossitten, Germany, on July 18, 1911. One of them 
was captured in the British West Indies in November 1911, 
and the other was found in Vera Cruz, Mexico, in February 
1912. 

The migration routes of the golden plover are shown on 
the map on page 149. Trace this long journey on the map. 
Golden plovers nest from Alaska to Hudson Bay and, in the 
autumn, they again gather in the region.of Labrador. 

A more familiar bird, the barn swallow, nests over most 
of North America. It spends die winters in South America. 
Many people almost envy the birds that are such world 
travelers. 

We might expect the birds to fly east and west across the 
United States in their migrations. The Rocky Mountains pro¬ 
vide an almost impassable barrier. Therefore, migratory 
routes are generally in a north and south direction. The 
birds of the western United States do not make as long 
migratory journeys as do the birds of the eastern states. 

Many of the small birds travel at night. In this way they 
escape their enemies, the hawks and others of the birds of 
prey. The tiny hummingbird can outdistance any hawk, and 
can safely fly by day. Larger birds, such as the crows and 
hawks, find it safe to travel during the daytime. Great flocks 
of migrating birds can usually be seen during the spring and 
fall. Geese fly in a characteristic V-shaped formation, and 
ducks travel in an irregular formation in which one bird is 
the leader. You will enjoy keeping a record of the dates of 
arrival and departure of different species of birds during 
the year. Select ten birds that you can easily identify. Make 
a record of the last date in the fall on which you see each 
of these kinds of birds. Post your list on the classroom 
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bulletin board. Are any of your ten birds permanent resi¬ 
dent's? Can you prove it? How will you prove your case? 

For many years students of birds have tried to find an 
explanation of the causes of bird migration. Several explana¬ 
tions have been offered. None of them seems entirely satis¬ 
factory. Probably the best one is that birds migrate when their 
food supply becomes scarce to a region where there is a 
plentiful supply. This suggested cause is supported by the fact 
that many birds take considerable time in migrating, stopping 
along, the way when they find a good food supply. Again, 
some birds that we think of as migrating are often found 
during mild weather in the winter in the places where we 
expect to find them in summer. We often speak of bluebirds 
and robins as announcing the coming of spring. And yet, 
bluebirds and robins are often found in the central part of 
this country in December, January, and February. Apparently 
some birds that are commonly thought of as migrating remain 
with us in winter if they can find food. 

An interesting problem for work, if you are interested in 
birds, is that of trying to find out if the resident birds you 
see about in the winter are the same birds found in your 
yard or neighboring park in the summer. For example, in 
some parts of the country you can see jays, cardinals, crows, 
and starlings throughout the year. But, are the jays that you 
see in your yard or the nearest park in the winter the same 
jays that you see in these places in the summer? Can you 
work out a way to solve this problem for some species of 
bird that interests you? 

The birds are the chief natural enemies of the insects that 
cause us so much trouble. Insects eat at least one tenth of all 
the crops that are grown, destroy trees, wood products arid 
clothing, and cause diseases among animals and hutrian 
heings. 
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during a migratory flight. Unlike most of the insects, the 
monarch butterfly spends the winter season in the adult stage. 

In the spring the female butterfly lays fertilized eggs on 
the leaves of milkweed plants. In a few days the eggs hatch 
into caterpillars, or larvae. The larvae feed on the milkweed 
leaves. The caterpillars eat so greedily that they grow very 
rapidly. They molt four times as they become too large for 
their skins. The old skin cracks open, and the caterpillar 
emerges in a new and larger skin after each molt. 

Just before the fourth and last molt, the caterpillar attaches 
itself to a leaf or stem, and for a few days before it molts 
it is suspended, head down, by a bit of silk. Then it is no 
longer a caterpillar, or larva, but a chrysalis or pupa, with¬ 
out legs or mouth parts. The chrysalis is very beautiful, 
being a yellowish-green color with golden spots. A wonderful 
change occurs within the pupa case. Wings, new legs, and 
new mouth parts are developing while the chrysalis hangs to 
the milkweed plant. In a few days the pupa case opens and 
the adult butterfly emerges. The wings are damp and wrin¬ 


kled, but in a few hours they 
become dry and smooth and 
the monarch butterfly flies 
away among the flowers in 
search of food. 

We can always decide 
whether an adult insect is a 
moth or a butterfly by examin¬ 
ing the antennae, or “feelers.” 

The antennae of a butterfly 
always have small knobs at 





the ends. The moth’s antennae drawing shows the feelers, 


may be straight, curved, or 
feathery, but they never have 


OR ANTENNAE, OF BUTTERFLIES AND 
moths; a, BUTTERFLIES; D AND C, 
MOTHS, THESE ARE GREATLY ENLARGED. 
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IKE CECROPIA IS ONE Or THE HANDSOMEST OF THE MOTHS FOUND IN THE UNITED 
STATES. HAVE YOU EVER SEEN ONE OF THEIR COCOONS ATTACHED TO A TWIG 
OR FENCE? 


the small balls or knobs, A magnifying glass will help you 
in observing these features. 

The cecropia moth is one of the largest and. most beautiful 
of the moths found in the United States. The antennae are 
feathery. These moths develop from eaterpillars that feed 
upon various trees and shrubs. After several molts the cater¬ 
pillar spins a cocoon which is attached to the twig of some 
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tree or shrub. During the cold winter months the pupa lives 
in the silken cocoon from which the reddish moth emerges 
in the spring. The fertilized eggs are laid on the leaves which 
will serve as food for’the young caterpillars. 

In the fall, collect the eggs and caterpillars of different 
kinds of moths and butterflies. Keep the caterpillars well sup¬ 
plied with their favorite leaves, and watch them complete 
their metamorphosis or life cycles. 

Another familiar insect is the grasshopper. Grasshoppers 
belong to an insect order which has straight wings. Different 
species of these insects are found throughout the United 
States. All have the same life history and general structure. 

In the fall the female grasshopper digs a hole in hard 
ground where she lays a mass of eggs. In the spring the eggs 
hatch into small wingless creatures called nymphs. The 
nymphs resemble their parents so much that it is very evident 
they are young grasshoppers. The nymphs molt several times. 
As they grow the adult winged insect emerges at the final 
molt. 

The body of a grasshopper shows the same three divisions 
that are seen in all insects — head, thorax and abdomen. The 

Mesathorax 



THE GRASSHOPPEH, LIKE ALL ADULT INSECTS, HAS THREE BODY DIVISIONS—HEAD, 
THORAX, AND ABDOMEN. WHAT IS THE WORK OF EACH DIVISION? 
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TERMITES DO CHEAT DAMAGE IN THE UNITED STATES. THEY ARE USUALLY FOUND IN 


THE AREA BETWEEN THE HEAVY LINES AS INDICATED ON THE MAP. 


wings and legs are attached to the thorax. The abdomen con¬ 
sists of a series of jointed rings. Tiny openings in the abdo¬ 
men called spiracles are used in breathing. See page 90. 

Grasshoppers are equipped with .the means of escaping 
many of their natural enemies. Their long legs enable them 
to jump considerable distances, and some have strong wings 
for flying. Many enemies overlook them because their color 
resembles the grass and the leaves. This means of escaping 
enemies is known as protective coloration. They have large 
eyes in their heads. Their ears, strange to sayj are located on 
the sides of the body. 

The grasshopper because of its size is a good insect to use 
to get some knowledge of how insects are constructed. Collect 
enough large grasshoppers for each member of the class to 
have one. Kill them by placing them in an airtight com¬ 
partment filled with the fumes of ether or common fuel gas. 
Note the three major divisions of the insect’s body. How many 
legs has it? How does it differ from a spider in this respect? 
Can you find the spiracles through which the insect breathes? 
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Examine the antennae. Note the mouth parts. Cut a grass¬ 
hopper in two. Note that there is no hony skeleton of the kind 
found in vertebrates. The grasshopper is held together by 
the outer horny “shell” which takes the place of a skeleton 
and serves as an outer protective covering at the same time. 

Termites are insects more widely distributed than many 
people suspect. (Map on page 156.) They are sometimes in¬ 
correctly called “white ants.” 

Termites are natives of tropical countries, but have made 
their way into temperate climates. Unlike other insects, 
termites eat only wood or materials made of wood. They 
sometimes eat away the wood in houses and other buildings, 
so that the floors sag and the structures become unsafe for 
use. In some of the states thousands of telegraph and telephone 
poles must be replaced each year because termites destroy 


some; tekmites have wings and others do not. the soldier type is shown 
TO THE left; the WINCED ADULT TO THE RIGHT. 



them. As they make small tunnels in books when eating the 
papei*, they sometimes do great damage in valuable libraries. 

Termites are usually wingless insects. Wings develop on 
the mature males and females,'so they can fly away to start 
new colonies. A nest is started by a single pair of termites, 
a king and a queen. Some species nest in the ground and 
others in wooden structures or in a log. The queen lays ferti¬ 
lized eggs at an estimated rate of ten million a year. There 
are three kinds of eggs; some develop into kings and queens; 
some into workers; and some into soldiers. 

The eggs hatch into nymphs which immediately start to 
dig tunnels in order to enlarge their homes. The termites 
remain as nymphs until they have molted many times. One 
species molts nineteen times. Kings and queens are. sometimes 
an inch long, and have long delicate wings. The soldiers are 
wingless and are always blind. They have long, powerful 
jaws that are used to protect the colony from enemies. The 
workers, as the name indicates, carry on most of the necessary 
activities of the colony. 

Dragonflies, which belong to the order Odonata, are among 
the most beautiful of our insects. You may see them in the 
summertime flying near a stream, lake, or lily pool. They 
have shiny, iridescent wings that vary in color from bluish- 
black to red. Some have black wings that are spotted with 
white. There are many species of dragonflies. The hero 
dragonfly, seen in the Mississippi Valley, has a wingspread 
of five inches. Fossils of prehistoric dragonflies have been 
found with a wingspread of twenty-five inches. These insects 
must have flown with great power and speed. Today, dragon¬ 
flies travel in great swarms, flying at a speed of seventy or 
eighty miles an hour. 

Dragonflies feed upon mosquitoes. The female dragonfly 
deposits her fertilized eggs in water, so that the nymphs which 
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hatch from the eggs can find their favorite food of mosquito 
larvae or wrigglers. The nymphs live in the water among 
plant leaves or stems, or on the muddy bottoms of ponds, 
pools, or sluggish streams. The nymphs are green, hrown, 
or Black. Many are able to escape their enemies because this 
protective coloring renders them inconspicuous. The nymph 
molts several times and finally crawls up on a stick or leaf 
above the water. When it has dried off, the skin splits open 
along the back, and the dragonfly makes its way into the air 
and sunshine. It crawls out on the stick and rests quietly 
while the crumpled-up wings expand and harden in the air. 
Then it is ready to fly about in search of mosquitoes which 
are taken from the air. 

Termites, grasshoppers, most moths, and butterflies are 
destructive insects. The dragonflies are entirely beneficial be¬ 
cause they are the most effective natural enemies of mos¬ 
quitoes. 

How many of you are familiar with the so-called “oak 
apples”? Do you know why these “apples” grow on oaks, 
willows, and other trees and plants? What would you find 
inside the “apple” if you should cut one open? 

The galls on goldenrod are peculiar growths of plant 
tissue around the place where a flylike insect injured the 
tissue of the stem when she laid an egg there. 

The egg hatched in about a week, depending upon the 
warmth of the air, into a small larva. The larva continued 
to grow for several weeks as the gaU became larger and 
larger. During this time the larva gnawed a hole (to be used 
later on) from the center to the thin outer skin of the gall. 
The skin of the larva hardened into a brown shell and the 
pupa was formed. Later the pupa case opened and the adult 
insect crawled through the gall hole made when it was a larva. 

Gall insects of different species also produce growths on 
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the long stems of poplar 
leaves, and on oak trees. Other 
galls are due to wasps which 
lay their eggs in the stems of 
plants. 

The housefly is among the 
most frequently seen of our 
insects. This kind of insect is 
characterized by having two 
wings. The female fly lays 
her fertilized eggs in stable- 
manure, garbage, or other ref¬ 
use. If our surroundings are clean and sanitary we shall have 
fewer flies to annoy us. 

One female fly may lay several lots of eggs during the 
warm months. There are from one hundred and twenty to one 
hundred and fifty eggs in, each lot. In from eight to twenty- 
four hours, or longer, depending upon the temperature, the 
eggs hatch into the small white larvae frequently called 
maggots. In five or six days the larvae develop into pupae. 
The pupae are brown and somewhat resemble small seeds. 
In another five days, if the weather is warm, the adult flies 
hatch from the pupa cases. Thus, an egg may be transformed 
into an adult fly in ten days. In one season there may be six 
or eight generations. The following table shows how these 
disease-carrying insects multiply in one month: 

June 1 One adult fly lays 120 eggs 

June 10 60 flies lay 7200 eggs 

June 20 3600 flies lay 432,000 eggs 

June 30 216,000 flies lay 25,920,000 eggs 

Expose some raw meat to flies. Then place it in a glass jar 
covered with cheesecloth or a fine wire screen, and watch the 
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small white larvae complete their life cycle. Eocamine the 
raw meat daily to follow developments as much as possible. 

There are insects that have a complete and an incomplete 
metamorphosis. The word metamorphosis means a change. 
The monarch butterfly, the cecropia moth, and the flies 
undergo a complete metamorphosis; that is, there are four 
distinct stages in their development. The nymphs of the grass¬ 
hoppers, termites, and dragonflies do not differ so decidedly 
from the adults, so they are said to have an incomplete meta¬ 
morphosis. The life histories of insects form one of the moat 
interesting studies in the division of science called biology. 

Another great order of animals includes the snakes. Snakes 
are found in nearly all of the climates of the world; in deserts, 
in the tropics, and on high mountains. Some species spend 
most of their lives in trees, while others live in swamps and 
fresh-water lakes. A few species live in the sea. Those of 
you who live in large cities may find it necessary to visit a 
zoo or a natural history museum in order to see some of the 
different kinds of snakes. Those who live in the country or in 
smaller communities may know several kinds. Some snakes 
make very satisfactory pets for people who like them. Several 
species are, to be sure, poisonous, but many of the snakes are 
harmless and even helpful. 

Many boys and girls are familiar with the garter or the 
garden snake. These are the most common snakes in the north¬ 
eastern states, and a related species is found on the Pacific 
Coast. They are usually small and vary in color. They are 
always yellow or green with whitish stripes that run lengthwise 
down the snake’s body. 

Garter snakes have a surprising method of reproductionj 
The mother snake does not lay eggs, as many snakes do, but 
produces from eleven to fifty living young. 

The food of garter snakes consists of insects, small toads, and 
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earthworms. These snakes are entirely harmless but, however, 
do not make good pets because of a rather rmpleasant odor. 

The king snake is sometimes called the milk snake, or the 
spotted adder. This snake received its name because it is some¬ 
times seen around barns and milkhouses. Milk snakes are 
pale gray in color and covered with many brown or dark gray 
splotches. Unlike the garter snakes, milk snakes hatch from 
eggs. They vary in length from fourteen inches to six feet. 
King snakes may be safely handled and make good pets. They 
are beneficial reptiles because they kill rats, mice, and poison¬ 
ous rattlesnakes and copperheads by constriction. 

The gopher or bull snakes are the largest snakes in North 
America. They may reach a length of nine feet. You will 
understand that the western bull snakes are harmless when you 
know that these are the snakes that are commonly used by the 
“snake charmers” in the sideshows of circuses. Gopher snakes 


MANY SNAKES ARE lUTCHED FROM EGGS. SOME SFECIE5, AS THE GARTER SNAKES, 
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GOPHER SNAKES ARE HARMLESS SNAKES, WHICH ARE HIGHLY BENEFICIAL BECAUSE 
THEY DESTROY SMALL RODENTS, SUCH AS GOPHERS AND RATS. 

hatch from eggs. They kill rats, gophers, mice, ground squir¬ 
rels, pocket gophers, and rabbits by constriction. These small 
rodents are their favorite food. It is very evident that gopher 
snakes are entitled to protection because of their help in con¬ 
trolling such pests. 

The commonest wild mammals we have around us are the 
rodents. Rodents are usuaUy small animals that have front 
teeth adapted for gnawing. They belong to a class of animals 
known as mammals. Mammals are the most highly developed 
of the many kinds of animals. They are warm-blooded crea¬ 
tures, with hair, an intricate nervous system, and mammary 
glands (milk glands) with which the mothers nourish their 
young. The last characteristic gives the name of mammals to 
the division of animal life to which man as well as a great 
variety of animals belong. Mammals vary in size from the 
tiny field mouse to the elephant. Some fly through the air. Bats 
are flying mammals. Others live in the water. Seals and whales 
are mammals that inhabit the oceans in some areas. Most p£ 
the mammals live on land and walk on four legs. 


Rats and mice are among the most destructive of the 
rodents. Rabbits, squirrels, and beavers are other members 
of this order that have strong front teeth fitted for gnawing. 

The brown rat, also called the wharf rat, gray rat, and 
Norway rat, is our worst enemy in the animal world if we 
except insects. This rat was first reported in the United States 
in 1775, having arrived on some ship as a stowaway. As peo¬ 
ple migrated westward, the rats migrated also. Rats are 
among the most prolific of mammals. One female may pro¬ 
duce six or ten litters a year and each litter averages ten 
young rats. In three years one pair of rats could have many 
thousand descendants. 

Because rats are not limited in what they eat, they live 
almost anywhere—in open fields, along river banks, and on 
piers, but their favorite dwelling place is in buildings. 

The magazine Hygeia estimated that in the United States 
alone, rats destroy 4|;500,000,000 worth of crops and prop¬ 
erty each year. Rats do much more damage than mice. Grain, 
poultry, and stored food of all kinds are eaten by these 
hungry rodents. Many fires are traced to their gnawing habits. 
What safety precautions could be taken to prevent such fires? 

You may have read of the Black Death which caused the 
death of twenty-five million people in Europe during the 
fourteenth century. More recently, in 1907, two million peo¬ 
ple died in India of this plague, now called bubonic plague. 
Rats and the fleas that live on them are the carriers of the 
germ of the bubonic plague. 

Besides the brown or Norway rats there are other kinds 
to be found in the United States. The wood rat, or pack rat, 
is found on the Pacific Coast and in the southern states. Their 
nests, which are usually made in waste places, may be a foot 
high and are fashioned from small sticks. The cotton rat 
of the South is a vicious and destructive rodert. 
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White rats are very often used as laboratory animals for 
various kinds of experiments. Many of the feeding experi¬ 
ments that have added much to our knowledge of the use of 
foods have been done with white rats. Make a list of things 
you can find about white rats that make them suitable ani¬ 
mals for laboratory use? Go back over the paragraphs that 
you have just read and see if you can answer this question. 

Some members of the class may be interested to make 
some reports upon scientific experiments that have used rats 
as experimental animals. Where would you look to find 
descriptions of such experiments? 

Mice are the smallest of the rodents. Like the rats, they 
multiply rapidly. Each female may have six or more litters 
in a year with an average of six young to a litter. In one year 
one pair of mice may increase to four hundred and thirty 
individuals, and in two years they may have many thousand 
descendants. 

House mice, which originated in India, destroy food, 
clothing, and furniture. Meadow mice or field mice, called 
voles in England, destroy grass, grain, fruit, vegetables, and 
orchard trees. Sometimes mice are so numerous in a field that 
people speak of a plague of mice. It is estimated that there 
may be twelve thousand of them on one acre of ground. In 
winter, when food is scarce, these mice burrow under the 
snow and gnaw the bark from the bases of orchard and other 
trees. This may kill the trees. 

In the southern states there is a species of mice called 
harvest, rice, field, or grasshopper mice. As the last name 
suggests, grasshoppers are destroyed by these mice. Thus, we 
have an example of a mouse which is sometimes, at least, 
beneficial. 

Most of you know the cottontail, the most common rabbit 
in the United States. This rodent derives its name from the 
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fact that the underside of its 
tail is white. There are several 
litters of young each year with 
from three to seven small 
rabbits in each litter. Cotton¬ 
tails eat growing plants and 
they are usually able to secure 
sufficient food. They in turn are 
eaten by foxes, coyotes, hawks, 
owls, and man. Rabbits do 
much damage to young or¬ 
chards and growing gardens. 

The black-tailed jack rabbit 
of the western plains is much 
larger' than the cottontail, 
reaching a length sometimes of 
twenty-eight inches. The jack 
rabbits may ruin alfalfa fields 
in summer and stacked hay in winter. When the jack rabbits 
become too destructive, “drives” are held. As many as 20,000 
of these rodents have been killed during one “drive.” 

Red squirrels are one of several kinds of squirrels. They 
nest in the cavities of trees and live largely on nuts an'd the 
seeds which they find in pine cones. Can you explain why 
red squirrels prefer to live in evergreen forests? 

Red squirrels have spread into cities and are common 
inhabitants of parks and yards where there are trees. They 
have the disagreeable habit of robbing birds’ nests, and for 
this reason they cannot be allowed to become too numerous. 

Rodents are the most destructive of all the mammals. It is 
fortunate they have so many natural enemies that aid in their 
control. We should learn what the various enemies of the 
different kinds of rodents are and encourage some of them 
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THE COTTONTAIL IS EODND THBOUCH- 
OUT MUCH or THE MIDDLE WEST AND 
MANY OF THE EASTERN STATES. 




to live about our homea and buildings. This is especially 
true in view o£ the fact that rodents increase so rapidly. 

Several mammals are valuable pets. Some people have 
white rats, rabbits, and guinea pigs (which are also rodents) 
for pets. Where there is more space, ponies and horses, be¬ 
longing to the order of hoofed mammals, are useful and 
pleasure-giving pets. City people, as well as country dwellers, 
keep dogs and cats. 

People who have a cat as a pet will not agree, perhaps, 
with the results of a study that was made by the Massa- 
chusetts State Board of Agriculture. The report showed that 
cats are the least useful of all the mammalian pets. This is 
because cats are frequently destroyers of birds, the natural 
enemies of harmful insects. What measures should be taken 
in your community to cut down the killing of birds by cats? 

Whether our pets axe goldfish, canaries, white rats, dogs, 
cats, or ponies, we have a responsibility to see that they are 
supplied with life’s necessities—food, fresh water, air, and 
shelter. We must keep their cages or quarters clean and 
sanitary, and protect them from extreme changes in tempera¬ 
ture. When we go away on a vacation trip, we must make 
arrangement for their care, always remembering that many 
animals have been held in captivity for such a long time they 
can no longer care for themselves. 

If you will go back over the descriptions of different kinds 
of animals in the last few pages you will observe that the 
many differences in the orders and species of animals seem 
to make each animal better fitted to live in the kind of 
environment in which it is most commonly found. Students 
of animal life have a particular word for this. They speak 
of this being fitted to live in a particular environment as 
adaptation, or sometimes as adaptation to environment. 

Some adaptations are of advantage in food getting. Recall 
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the beak of the woodpecker, the bill of the hu mmin g bird, 
the chisel-like teeth of the squirrel and other rodents, and the 
long coiled tongue of the sphinx moth. 

Other adaptations serve as protection from enemies. Think 
of the various colorings of snakes, in this connection. Grass 
snakes are green, desert snakes are marked to fit into the 
desert landscape. Do you recall the colors of nesting birds 
and how these often fit into the surroundings in which the 
nests are found. Do brightly colored male birds often sit on 
the nest? Can you find other adaptations for protection in 
animals other than coloring? 

If you will reread a part of Unit Three you will find a de¬ 
scription of the adaptations of different kinds of animals for 
getting oxygen, gills in fishes and lungs in common land ani¬ 
mals. Do you see why the insects, having no inside skeletons, 
need a special adaptation in the form of breathing tubes for 
getting oxygen from the air? 

There are many other, kinds of adaptations. In some cases 
there are peculiarities that do not seem to us to be advan¬ 
tages. These are often difficult to explain. You will be able 
to learn much more about animal life if you will be con¬ 
tinually on the alert to see the ways in which animals have 
become adapted to the conditions under which they live. 

Plants as well as animals become adapted to peculiar con¬ 
ditions after many generations. In the pages that follow, see 
how many interesting plant adaptations you can find. Look 
for these as you actually observe plants out of doors. 

4. What kinds of plant life are found about us? 

If, with pencil and paper, we were to take a walk around 
a block near our school, we could probably make a long 
list of plants seen. All of the plants we would see would 
have had the correct conditions of temperature, moisture, 
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food supply, and air if they have grown to he large and 
strong. Many plants seen on our walk will be familiar to us. 

The first plants to attract our attention would be the trees, 
because they are the tallest plants that we commonly find . 
Their roots extend far into the soil in order to absorb the 
necessary water and soil minerals. Their leaves secure the 
carbon dioxide that enters into their food from the air. 

If we repeat our walk during different seasons of the 
year, we may notice that some of the trees bear at times 
vividly colored leaves, and during a part of the year, having 
shed their leaves, are entirely without foliage. The maples, 
oaks, willows, elms, and sycamores are examples of this class 
of trees and are called deciduous trees. Many of our fruit 
and nut trees are deciduous. 

Collect, press, and mount the leaves from twelve or more 
deciduous trees. Label each kind correctly. 

We may also see some evergreen or nondeciduous trees. 
These trees are called evergreen because they do not shed 
their leaves entirely at any time during the year. The most 
common of the nondeciduous ti'ees are those which bear their 
seeds in cones. The pines, spruces, and firs are some of these. 

The cone-bearing trees, called conifers, are especially fine 
on the Pacific Coast. In the states of Washington, Oregon, 
and California there are large forests of yellow pine, Douglas 
fir, sugar pine, red and white fir, and cedars. The conifers 
have also reached a fine state of development in Maine. As 
recently as 1925 nearly three fourths of the area of this 
state was in forests. Visitors to the Maine woods are familiar 
with the different species or kinds of spruce, fir, pine, cedar, 
and hemlock that grow there. 

Boys and girls who live in California may fi.nd an example 
of the redwood family on their walk. California is now the 
only home of this family of coniferous trees in the United 
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States. The coast redwoods 
grow for a length of nearly 
four hundred miles along the 
California coast. These beauti¬ 
ful trees form dense forests. In 
the Sierra Nevada Mountains 
the big trees. Sequoia gigantea, 
are found. The General Sher¬ 
man tree shown at the right is 
a famous sequoia in the Se¬ 
quoia National Park. 

Collect the cones from as 
many kinds of coniferous trees 
as you can. Label each kind. 

In Florida and California 
we can find broad-leaved ever¬ 
greens. The live oaks grow in 
both states. In California the 
eucalypti, acacias, and pepper 
trees are green throughout the 
year. 

At certain seasons of the 
year and in many localities our 
attention is attracted by flower¬ 
ing plants. Some of them are 
wild flowers, and others, gar¬ 
den flowers. It should be kept 
in mind that almost all culti¬ 
vated flowers were once found 
growing wild, and that some¬ 
one admired them enough to 
domesticate them. Several of 
the cultivated plants closely 
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MARICOLa ZINNIA 

THESE TLOWERS ABE MEMBERS OF THE COHFOSITAE FAMILY. 


resemble their wild cousins. Some are “created” by breeding 
and their ancestorp only were wild. The wild iris, sweetpea, 
trillium, columbine, and larkspur bear unmistakable kinship 
to the cultivated flowers of the same name. 

Flowers are classed as annuals, biennials, and perennials. 
Annuals must be replanted or resown each year. Some 
familiar annuals are asters, nasturtiums, zinnias, marigolds, 
scabiosas, and sweetpeas. Biennials are plants which do not 
produce flowers and seeds until the second year of their 
growth. There are fewer examples of biennials than of 
annuals and perennials. However, the stately hollyhocks, fox¬ 
gloves, and pansies are biennials that are generally admired. 
Perennials may live for several years and need not be re¬ 
planted each season. Chrysanthemums, violets, Shasta daisies, 
and peonies are perennials common in yards and gardens. 
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SUNFLOWER CHRYSANTHEMUM 


WHAT CHARACTERISTICS DO THESE PUNTS HAVE IN COMMON? 

When we consider our garden flowers, we find that those 
that are common belong to a very few of the many plant 
families. Plants which have the same characteristics and gen¬ 
eral structure are said to belong to the same family. Often the 
structure of the flower and the seed-bearing parts determines 
the family. Study the flowers in the illustration and decide 
why all of them belong to the same family. 

The lily family includes many of our most b'eautful 
flowers. These plants usually have leaves with veins that run 
generally parallel to the midrib. Many of the earliest bloom¬ 
ing perennial flowers in our gardens, such as tulips, narcissi, 
and crocuses, belong to the lily family or to closely related 
groups. Other representatives of .the lily family are Watsonias, 
hyacinths, lilies of the valley, and all lilies, such as the 
beautiful Easter lily, and the golden-banded lily of Japan. 
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Another large and showy family (Compositae) has flowers 
in a head. Annuals, such as marigolds, gaillardias, zinnias, 
and the perennials, such as African daisies, Shasta daisies, 
and chrysanthemums, belong to this family. Sunflowers, 
dandelions, and goldenrod are also composites. 

The sweetpeas, hyacinth beans, and scarlet-runner, as well 
as garden peas and beans, are legumes. These plants have 
pealike flowers and seeds most often in pods. 

The tall blue delphinium, a perennial plant, and the 
smaller annual larkspur, belong to the crowfoot family. This 
family also includes the columbine grown in many colors in 
our gardens. 

The poppy family includes many lovely annual flowering 
plants. The Oriental, Iceland, Shirley, and California poppies 
are seen in a variety of colors and markings. 

There are, of course, other garden flowers that you have 

seen and admired. Make a list 



of them and use some refer¬ 
ence book that your teacher 
may suggest iii order to learn 
the family to which they be¬ 
long, and whether they are an¬ 
nuals, biennials, or perennials. 
Do not forget the rose family 
and its many members. 

In many instances we pass 
areas that contain cultivated 
plants that are grown for the 
food supply of man and his 


domesticated animals. Some of 


THE GRASS AND ULY FAMILIES HAVE 
LEAVES WITH VEINS WHICH RON PARAL¬ 
LEL TO THE MID-niB. USUALLY SMALL 


the grasses and vegetables that 
are grown for food will be dis- 


vEiNs EON FROM THE MiD-HiB. cusscd in Unit Ten. 


174 




There are myriads of plants around us that we do not see. 
The bacteria are the smallest living plants that are visible 
only with the aid of a microscope. 

There are several kinds of soil bacteria of great importance 
to us. One type of bacteria causes the decomposition of 
materials used as fertilizers that are spread on fields and^ 
gardens. Another kind is found in the nodules (see page 134), 
small swellings, which are found on the roots of clovers, alfal¬ 
fas, beans, and other members of the legume family. These 
bacteria are able to take nitrogen from the air and combine it 
with other substances in the soil, producing the nitrogen-rich 
compounds. Our cultivated plants, as well as many wild 
plants, grow luxuriandy because of the activities of the bac¬ 
teria in the soil. 

5. What are some undesirable plants? 

In the last section we discussed some desirable trees and 
flowers that are helpful plant neighbors. In this problem 
we shall consider some of the weeds and fleshy fungi, which 
are always undesirable neighbors because they use the food, 
soil, and space needed by cultivated plants. 

Weeds may be defined as plants that grow where they are 
not wanted. Under natural conditions one plant is just as 
much a weed as another. In any given space there is a limit 
to the amount of those things needed for life. On an acre of 
ground in a particular climate just so much water is avail¬ 
able in a year. This limits the number of plants that can grow 
in this space and the number of animals that can be sup^ 
ported by these plants. Even the needed sunlight can reach 
just so many plants in a given space. If many plants grow 
and the ground is shaded, smaller plants coming up from 
below receive no light and do not thrive. 
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Many more seeds are produced than live and grow into 
full-sized plants in the space that is available. Some of the 
young seedlings must die. We call this constant struggle to 
live, a struggle for existence. In this struggle only the 
strongest, or those best fitted to the environment by adapta¬ 
tions, live. Scientists call this the survival of the fittest. 

If both dandelion seeds and grass seeds become distributed 
over a lawn, only those will live that can be fed by the avail- 
able water supply and the mineral compounds from the soil. 
Some will not get enough sunshine because they will be 
shaded in the crowding. If the summer is hot and dry and 
the dandelions are better adapted to going down deeper into 
the soil for water than the grass, many dandelions are likely 
to survive and probably fewer grass plants. If the lawn is 
mowed, the grass plants may suffer from too much cutting. 
The low flat rosettes of the dandelions escape much of the 
cutting. Again the adaptation favors the dandelion. 

When human beings try to raise plants for their own pur¬ 
poses, any others that use up the available supply of water 
or of fertilizer interfere with the wanted ones. We call these 
imwanted plants weeds and try to remove them, discourage 
their growth, or prevent the ground from becoming seeded 
with them. If we want grass in the lawn, the dandelions are 
weeds. If we wish to grow dandelions for use in place of 
spinach as greens, the grass becomes the weed. 

There are three groups of weeds: annuals, biennials, and 
perennials. Annual weeds live but one year. They produce 
seed hut once and then die down entirely, root and all. 
Biennials live for two years, producing seed the second 
summer. Perennials live three years or more. Some per¬ 
ennials are spread not only by seed but also by underground 
roots or stems. 

Black mustard is a troublesome annual found in many 
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places. Like the wild radish, 
also an annual, mustard pro¬ 
duces large quantities of seed. 
At times, both weeds nearly 
crowd out cultivated crops. 

Dandelion, plantain, shep¬ 
herd’s purse, oxalis, Bermuda 
grass, bindweed or wild morn¬ 
ing glory, and the Canada 
thistle are all perennial weeds. 
Canada thistle is a great pest 
in the corn states. The plant 
produces great quantities of 
seed and also spreads from an 
underground stem that is some¬ 
times called a rootstock. 

Smooth dock and sour dock 
are perennial weeds which 
grow in waste places, mea¬ 
dows, and pastures. Both plants 
have long, fleshy taproots and 
produce an abundance of seed. 

Milkweed is frequently 
found in corn fields, small 
grain fields, waste lots, and 
along roadsides. This plant, 
which is associated with the 



THE CANADA THISTLE IS HARD TO DE¬ 
STROY. (a) represents a mature 

PLANT; (b) rootstock WITH STEM 
AND sprouts; AND (c) SEED. 


monarch butterfly, has fleshy, creeping rootstocks. Each plant 
produces several clusters of whitish flowers, some of which 
develop into the large green pods that are filled with seeds. 
How are milkweed seeds scattered? 


There are fewer biennial weeds than annuals or perennials. 
Wild carrot is a common biennial weed in the eastern states. 
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Curled thistle, purple star thistle, blueweed, and burdock 
are also biennials. In a list of fifty of the worst weeds in the 
United States, compiled by the United States Department of 
Agriculture, only two are biennials. 

In the following table, you will find the names of some of 
the most troublesome annuals, biennials, and perennials that 
occur in the United States. How many of these weed pests 
can you identify? 


Annuals 

Biennials 

Perennials 

buffalo bur 

wild carrot 

Bermuda grass 

chickweed 

bull thistle 

bindweed 

cocklebur 


bracken or brake 

foxtail 


oxeye daisy 

jimson weed 


dandelion 

lamb’s quarter 


curly dock 

prickly lettuce 


horse nettle 

wild mustard 


Johnson grass 

puncture vine 


peppergrass 

ragweed 


plantain 

Russian thistle 


quack grass 
sheep sorrel 
sow thistle 


You may be interested in making a weed collection. Collect, 
press, and mount specimens of twenty of the worst weed pests 
in your locality. Label them carefully, noting whether they 
are annuals, biennials, or perennials. 

Another group of undesirable plants that we may find dur¬ 
ing certain seasons of the year are the poisonous fungi that 
we call toadstools. Fungi are different from the familiar 
green plants because they never have the green coloring 
matter that is called chlorophyll. For this reason fungi are 
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never green. They are usually 
white, and sometimes yellow 
or brown, and even red, but no 
one has ever seen a green 
fungus. 

The fungi that are prized for 
food by many people are 
usually referred to as mush¬ 
rooms. It is unfortunate that it 
is so easy to mistake some of 
the poisonous toadstools for the 

, , . « , . MANY PEOPLE HAVE DIED FROM THE 

edible funei. borne of the most 

g EFFECTS OF EATING POISONOUS TOAD* 

poisonous fungi are provided stools. 
with a “death cup” which is 

shown in the picture. Any plant that has this so-called “death 
cup” is plainly labeled as being dangerous. There are, how¬ 
ever, other poisonous species equally dangerous that are not 
so plainly labeled. A wise person will not gather any of 
these plants unless he is very certain they are of a variety 
that can be safely eaten. 

If one must have mushrooms, mushroom spawn can be 
purchased in some seed stores, and planted so that the plants 
may be safely eaten. Canned mushrooms are usually free 
from poisonous species. 

6. How do present-day plants and animals differ from 
those of previous times? 

The different kinds of plants and animals noted in this 
unit were not always found upon the earth. New forms of 
life developed gradually and are still making their appear¬ 
ance. From such evidence as we have, we conclude that the 
one-celled animals, such as the paramecia, and the simple 
plants, like the algae, were the first kinds of life to appear. 
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WITH HOW MANY PLANTS OF THE 


tree of plant life'are you familiar? 
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VITK WHICH ANIMALS OF THE TREE OF ANIMAL LIFE ARE YOU FAMILIAR? 
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KE7TILES RULED THE EARTH MILU0N5 OF YEARS AGO. SCIENTISTS BELIEVE BIRDS 
ARE DESCENDED FROM PREHISTORIC FLYING LIZARDS. 


Millions of years ago, so long ago it is difficult to imagine, 
the only life that existed on our earth lived in the water. 

Plants began to live and grow out of the water and on 
the land long before the animals did. For countless ages the 
different forms of animal life lived in the water. These were 
the kinds of animals that we call invertebrate animals; that 
is, they had no bony skeletons. At this far distant time, the 
oceans are supposed to have contained fresh water, just as 
the lakes and rivers do today. The fishes were the first ani¬ 
mals to have a skeleton. One species of fish was called a lung 
fish. It obtained air through one lung and is thought to have 
been the first of all lung-breathing animals that have since 
developed. 

Some of the reptiles lived in the water and some lived 
on land, just as they do today. One species of prehistoric 
reptile flew through the air. Many people think that birds 
descended from these flying reptiles. 

The seed-bearing plants were the last forms of plant life 
to develop, and the mammals were the last of the many 
branches of the animal kingdom to appear. Study the preced- 
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ing trees of life to learn which are the newest plants and 
animals, and which were the first to develop on this planet. 

THINGS TO DO 

1. Make a collection of twenty-five wild flowers from your 
locality. Press, and mount them in a scrapbook, naming 
each kind correctly. 

2. Make a feeding table for seed-eating birds that are 
around your home in winter. 

3. Make a birdhouse for wrens, bluebirds, or small wood¬ 
peckers. Find a suitable place for placing the house and 
put it up. If you do not have a lawn or garden, see if 
you can get permiission to put up birdhouses on the 
school grounds or in a near-by park. 

4. Collect “oak apples” and galls from different plants. 
Place the galls in tightly covered glass jars to learn 
what kinds of insects caused the galls. 

5. Write to the Zoology Department of your State College 
or State University for a list of the different species of 
snakes that are found in your state. 

‘ 6. Write to the Zoology Department of your State College 
or State University for a check list of birds that have 
been observed in your state. Your state conservation 
department at the state capitol may be able to furnish 
such a check list. 

7. Make a collection of toadstools and mushrooms. Dry 
the plants by placing them above a warm radiator, or 
near a stove. Ask your teacher for help in labeling them. 

8. Find a vacant lot near the school where members of 
the class can secure permission to make a weed survey. 
How many different kinds of weeds grow on this lot? 
Lay off an area five feet square. Mark this into one-foot 
squares with strings staked off across it like a checker¬ 
board. How many plants grow in this small area? How 
many different kinds? Which plants grow in greatest 
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numbers? What special adaptations have these plants 
that might explain why they are found in such numbers? 

9. Plant the seeds of three kinds of annual flowering plants 
in window boxes or in a garden. Keep a record of how 
many days were required for the seeds to become 
flowering plants. 

10. Make a kodak record of the appearances of some dif¬ 
ferent trees in your locality during the summer and 
winter months. Let the pictures tell why oaks, maples, 
elms, and fruit trees are deciduous trees, and pines, 
cedars, firs, and spruces are nondeciduous trees. Exhibit 
the pictures on the class bulletin board. 

SOME THINGS TO REMEMBER 

1. Living things were not always present upon our earth. 

2. Many kinds of insects spend all, or parts of their lives 
in the soil. 

3. Every kind of living thing requires food, air, some 
heat, and water. 

4. Temperature is an important factor in the lives of plants 

and animals. ■ 

5. Environment is another name for our surroundings. 

6. Aquatic plants and animals live in the water. 

7. The fish is a vertebrate animal. 

8. Frogs belong to a class of animals called Amphibia. 

9. An order is a division of the animal kingdom which 
contains several related families. 

10. Most of the song birds belong to the order of perching 
birds called Passeres. 

11. Birds are classed as residents, summer residents, winter 
residents, and transients, depending upon how long they 
remain in a locality. 

12. Birds usually build their homes near their food supply. 

13. Many birds protect their nests by a method called 
concealment hy abandonment. 
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14. Birds are the chief enemies of our many insect pests. 

15. Adult insects have three body divisions: head, thorax, 
and abdomen. 

16. Many species of insects pass through four distinct stages 
in their life cycles: egg, larva, pupa, and adult. 

17. Many insects escape their enemies because they have 
protective coloring. 

18. After many generations, a particular species of plants 
or of animals becomes adapted for living in its par¬ 
ticular environment. This is called adaptation to en¬ 
vironment. 

19. Snakes are reptiles found in warm climates of the world. 

20. Many snakes are helpful because they destroy rodents, 

21. Rodents are gnawing mammals. 

22. The rat is the most destructive animal in the United 
States if we except the insects. 

23. Deciduous trees shed their leaves in the autumn. 

24. Nondeciduous trees are evergreen. 

25. Conifers are trees which produce their seeds in cones. 

26. Annual flowers must be replanted each year. 

27. Biennial plants do not produce flowers and seeds until 
their second year. 

28. Perennial plants sometimes live for many years. 

29. Microscopic plants called bacteria live in the soil. 

30. In any given space the things needed for life are limited. 
Only a part of the plants and animals that begin life 
can be supported in a limited space. 

31. Only the strongest or the best adapted individuals sur¬ 
vive in any particular local environment. This is called 
the survival of the fittest. 

32. Weeds are plants growing where people do not want 
them to grow. 

33. Toadstools, which are never green in color, are poison¬ 
ous fungi. 

34. The different kinds of plant and animal life developed 
gradually over a long period of years. 
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UNIT SIX 


Wt Turn With the Earth 

What This Unit Is About 

The present age has been called an age of speed. Air< 
planes, automobiles, and trains are designed for the great 
est possible speed; Huge air liners travel across the United 
States at a rate of two hundred miles or more per hour. 
Racing automobiles have a possible speed of over three 
hundred mdes an hour. New streamlined trains cross the 
continent at an hourly rate of eighty or eighty“five nules. 

Sitting in your seats at school, or sleeping soundly in 
your beds, you are traveling through space at a speed that 
no machine can ever equal. The earth turns so evenly and 
so smoothly it is hard to believe that, due to the rotation 
of the earth through space, we who live on its surface are 
traveling at a speed of nearly a thousand miles per hour. 
People who live near the equator cover a distance of 
about twenty-five thousand miles every day. If you live in 
the latitude of New York, you are traveling a little slower, 
at the rate of about seven hundred and fifty miles an hour. 

What is the force which keeps this great merry-go-round, 
the earth, in its path as it turns through space? Why 
don’t we, who live on its surface, go hurling into space? 
What are some of the results of the rotation of the earth? 
What results from the revolution of the earth? You 
should be able to answer these questions, and many more, 
when you have completed the study of this unit. 
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We Turn With the Earth 


UNIT PROBLEMS 

1. What proof have we that the earth rotates? 

2. What holds us to the earth? 

3. Why do we have four seasons? 

4. What well-known heavenly body turns with the earth? 

5. How has the moon influenced the division of the year 
into twelve months? 

6. What causes a total eclipse of the sun? 

7. What causes a total eclipse of the moon? 

8. How is standard time determined? 

9. How can we locate places on the earth’s surface? 

1. What proof have we that the earth rotates? 

We are familiar with the spinning or rotating of a top. 
We may think of the earth as a giant top, which is always in 
motion and never still. The earth is a large globe, somewhat 
flattened at the poles. It has a diameter of nearly 8000 
miles, and its circumference at the equator is about 25,000 
miles. For many centuries people believed that the earth was 
flat like a plate, and that it floated on water. At about the 
time that Columbus made his famous voyage, which resulted 
in the discovery of America, more people began to accept the 
belief that the earth is round, although a few scholars be¬ 
lieved it centuries before. 

In those early days there were other beliefs that had to be 
overcome before people could accept the fact that the earth 
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rotates. One of them was that 
the earth stands still, and that 
\ ^ the sun rotates around the 

" j earth. A man horn in Poland, 

I known as Copernicus, first ex¬ 
pressed the belief that the sun, 
/ and not the earth, is the center 
of the solar system. This belief, 
/' which was contrary to religious 

ideas of the time, was accepted 
. by Galileo, the Italian scien- 

_ _ tist. Galileo’s belief in Coper- 

„ mcus theory caused him to be 

ABOUT 2 HOURS SHOWS THE APPARENT 

TRAILS OP THE STARS. throwu into prison where he be¬ 

came blind and finally died. 

It is true that the sun seems to move around the earth. We 
say that the sun rises in the east and sets in the west. As 
autumn approaches people frequently remark that the sun 
is moving farther south. What actually happens is that the 
earth turns or spins upon its axis from west to east (a motion 
opposite to those of the hands of a clock) once every twenty- 
three hours, fifty-six minutes, and four and nine-hundredths 
seconds. We most often say that it turns, or rotates, once in 






OIUON RISES EARLY IN THE EASTERN SKY DURING THE WINTER MONTHS. 

twenty-four hours. The earth’s axis is an imaginary line 
passing through the center from pole to pole. This axis is 
inclined, or tipped, 231/2 degrees from the perpendicular. 
See the diagram on the opposite page. If the earth were not 
tipped upon its axis, conditions upon our globe would be very 
different from what they are. 

How do we know that the earth rotates? Observations of 
conditions over the earth have furnished one of the proofs o*f 
the earth’s rotation. As people traveled about, they observed 
that day and night are a common, daily occurrence. If the 
earth did not rotate upon its axis, one half of its surface 
would have continuous day, and the other half, continuous 
night. The regular alternation of day and night is one of the 
accepted proofs that the earth rotates. 
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We do not need to travel far to make another type of 
.observation which proves that the earth is constantly rotating. 

If we leave our homes early in the evening during the winter 
months, we shall see the Constellation of Orion in the eastern 
sky. When we return a few hours later, the three bright stars 
that outline the belt of the hunter will be found to have 
moved into the southeastern sky. This apparent movement of 
the stars is another proof that our earth rotates. 

Experiment has also added to our acceptance of the idea 
that the earth rotates. Less than a century ago, a Frenchman 
named Jean Bernard Leon Foucault swung a pendulum from 
the dome of the Pantheon in Paris, and for the first time the 
rotation of the earth was demonstrated by an experiment. 

If the pendulum, which is a brass sphere suspended by 
a steel wire, is started swinging at noon in a north and south 
direction, it will be observed to be swaying slightly from 
the northeast to the southwest by four o’clock in the after¬ 
noon. This indicates the distance that the earth has rotated 
through space in the four hours. 

You may see a Foucault Pendulum in many science 
laboratories and museums. When a visitor enters the doors 
of the Griffith Observatory and Planetarium in Los Angeles, 
he immediately sees the Foucault Pendulum which swings in 
a pit of marble and glass. As the earth rotates, the floor of 
the marble pit turns with it, causing the floor to rotate be¬ 
neath the pendulum. You may find similar ones in the 
planetaria of other large cities, such as New York, Chicago, 
and Philadelphia. 

You can make a photographic record to show the earth’s 
rotation. If you have a small camera, open the diaphragm of 
the lens as wide as it will go and prop it up so that it 
points to the stars in the northern sky near Polaris. If you 
have no camera, your teacher may be able to show you how 
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to make and use a pinhole camera. On a clear night when 
there is no moon, expose the film for two or three hours. 
When the film is developed and a print made, you will have 
a record of the earth’s rotation. Why? 

Several results occur from the rotation of the earth. Among 
them may be listed the following: the alternation of day and 
night; the flattening of the earth at the poles; the apparent 
movement of the skies in the opposite direction to that of 
the earth’s rotation. 

2. What holds us to the earth? 

As we turn with the earth at a speed of hundreds of miles 
per hour, we might fear we would fly off into space. When 


THE FOUCAULT PENDULUM SHOWS THE EARTH'S ROTATION. 



a ball or any object is thrown into the air, it always falU 
to the earth. If the wind blows a man’s hat from his head, 
it finally falls downward, and never upward. This is because 
of a force called gravity, or gravitational attraction. 

Gravity is one of several unseen forces of great importance 
to us. Without the invisible force of gravity, the earth, moon, 
and other planets would fly off into space, and there would be 
many traffic accidents in the sky. 

According to an old stoiy, Isaac Newton was once sitting 
beneath an apple tree in England when an apple fell to the 
ground. Newton wondered if the force that pulled the apple 
to the earth was the same force that held the earth and the 
other planets in their orbits, or elliptical paths around the 
sun. In 1687 Newton gave the world the principle called the 
universal law of gravitation. The term gravity is frequently 
used to indicate the force of gravitation measured in some 
convenient term, such as weight. The pull of gravity exerted 
by a planet, moon, or star depends upon two factors. First, 
it depends upon the mass of the body. Mass refers to the 
amount of matter or material in a body. The second factor 
is the distance between two bodies. A body of large mass has 
a greater gravitational pull than one of small mass. Because 
the mass of the sun is so much larger than that of the earth, 
it is able to pull the earth toward it much as a large boy pulls 
a smaller boy toward him when they are engaged in a tug 
of war. If the larger boy continues to lengthen the rope which 
separates him from the smaller boy, he will reach a point 
where he cannot move his opponent. Smaller objects far 
away from the earth have no measurable gravitational pull 
upon it. As the moon is so close to the earth in comparison 
with other heavenly bodies, we see the results of its gravita¬ 
tional pull in the rise and fall of the water along the seacoasts. 

The sun is able to pull the earth and the other planets to- 
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THE METRIC SYSTEM IS USED THROUGHOUT THE WORLD WITH THE EXCEPTION OF 
THE UNITED STATES AND GREAT BRITAIN. 


ward it and hold them in their orbits, because its mass is so 
much larger than that of the planets. Astronomers tell us that 
more than a million earths could be contained in the space 
which is occupied by the sun. The sun’s gravitational pull is 
so enormous that it would draw the earth to it, if its gravita¬ 
tional force was not offset by another force which is called 
centrifugal force. 

Bodies which move in circles exert a force called centrif¬ 
ugal force. This force acts to pull the bodies away from the 
center of the circle. Have you ever seen anyone swing a pail 
or kettle of water round and round without spilling the water? 
The water is kept in the container because of centrifugal 
force. 

Because of centrifugal force a body that is set moving in 
a circle pulls away from the center and tends to fly off at a 
tangent to the circle. You have seen this when mud flies off 
a spinning automobile wheel. Try the effect of this force for 
yourself. Tie a weight to the end of a stout cord five or six 
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THE EARTH’S REVOLUTION IS THE BASIS FOR OUR CALENDAR YEAR. 

feet long. Find a clear space on the playground. Be sure no 
one IS in the way. Hold the cord by the opposite end and 
swmg the weight in a circle about you. You will be able to 
fee the pull on the^ cord. Let go of the end of the cord. What 
ecomes of the weight? What would happen to a large piece 
of a mountain if in some way it could be broken off and the 
force of gravity released? 

The earth pulls on all objects on its surface just as the sun 
exerts a gravitational pull on the earth. The amount of the 
ear s gravitational pull upon an object is measured in 
pounds or grams. Weights of objects on the earth would be 
very different if the objects could be moved to the other 
p anets. or example, a boy who weighs one hundred pounds 
on the earth would weigh about forty-four pounds on Mars. 

he same boy would weigh two hundred and fifty-six pounds 
on upiter. arger planets have more gravitational pull than 
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AS THE EAHTH REVOLVES AROUND THE SUN OUR SEASONAL CHANGES OCCUR. 


the earth, and' smaller bodies have less. We are thankful for 
the universal force of gravitation which holds all bodies to 
the earth, and keeps the planets and their moons in their 
accustomed places. 

What use does your family grocer make of the force of 
gravity when you buy sugar, beans, or flour? 

Make a collection of weights used on balances in the school 
laboratories. Express what the marks on these weights mean 
in terms of gravity. 

3. Why do we have four seasons? 

In the last section you learned that the turning of the 
earth on its axis causes night and day. The revolution of the 
earth about the sun causes a succession of periods of cold 
and heat which we call seasons. You are familiar with the 
terms: spring, summer, autumn, and winter. 
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After a long, cold winter people wait anxiously for the 
coming of spring. Then they plant their gardens and field 
crops, expecting that the warm summer days will bring about 
the development of a crop to he harvested in the fall or 
autumn. Why are people so confident that the seasons will 
follow each other in their accustomed order? If the earth 
had only the motion of rotation we should not have the four 
seasons with the changes of weather that they bring. As the 
earth rotates on its axis, it has another motion that is called 
revolution. As the earth revolves around the sun, we are 
sometimes nearer this great source of light and heat than we 
are at other times. 

The fact that the earth revolves around the sun is only 
one of the causes for the passing of the seasons. We remem¬ 
ber that the earth is inclined upon its axis at an angle of 
23Vi degrees. This causes the sun’s rays to be nearly vertical 
in summer, and very slanting in winter. Although the earth 
is actually nearer to the sun in winter than it is in summer, 
we who live north of the equator receive less in the winter 
months of its radiant energy, which becomes heat and light. 
The seasons are not due to the weather, but to the earth’s 
position as it revolves around the sun. 

Spring does not actually begin until March 21, when the 
vernal or spring equinox occurs. The word equinox means 
equal days and equal nights. Many people think that the 
equinoxes cause storms over the earth’s surface. This idea 
is only one of the many fallacies that have arisen concerning 
the apparent movements of the sun and the stars. On March 
21 all places in the world have days and nights of equal 
length. 

When the summer solstice occurs on June 21, the days in 
this hemisphere are much longer than the nights. The word 
solstice means the standing still of the sun. On this date the 
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vertical rays of the sun are over the Tropic of Cancer, 23^ 
degrees north of the equator. At this time the vertical rays stop 
moving northward, and begin to move toward the equator. 
During the summer months the region of the North Pole is in 
almost continuous sunlight, and visitors to northern Alaska 
are in the land of the midnight sun. At the same time the ant¬ 
arctic zone about the South Pole is in darkness, as the sun’s 
rays do not reach it at all. 

The autumnal equinox occurs on or about September 23, 
and again the days and nights are of equal length. On this 
date the sun is directly over the equator, moving southward 
toward the Tropic of Capricorn. As the days of late fall 
arrive, the hours of darkness become longer than those of 
daylight in the northern hemisphere. In the southern hemi¬ 
sphere spring begins on the same date which marks the com¬ 
ing of autumn in the northern hemisphere. 

The winter solstice on December 21 brings the shortest 
day of the year to those of us who live in the northern 
hemisphere. The vertical rays of the sun are now directly 
over the Tropic of Capricorn. On this date summer begins in 
the southern hemisphere, and the region of the antarctic is 
lighted much as the Arctic Circle was lighted in June. 

Perform the following experiment to show that the sun’s 
rays change from day to day at the same hour. Cut a small 
hole about a half inch in diameter in a piece of cardboard. 
Place the cardboard in the south windoiv of a room, arrang¬ 
ing it so that the sun’s rays will pass through the opening 
and strike a piece of paper fastened on the floor or table. 
Draw the outline of the spot which strikes the paper. Repeat 
the procedure at the same time on succeeding days. Always 
write the date within each circle on the paper. In two or 
three weeks’ time you will have a record which shows that 
the sun’s rays strike the earth at different angles during dif- 
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ierejU times of the year. This problem is difficult to carry 
through because moving the paper or cardboard will 
the results. 

If the earth were like our sister planet Venus, practically 
upright on its axis, there would not be the four seasons, 
Venus’ days and nights are always of equal length, and there 
are only two seasons, summer and winter. Venus rotates on 
its axis, and like the earth, revolves around the sun. The 
earth has four seasons, instead of two. This is because it is 
inclined upon its axis and receives varying amounts of the 
sun’s light as it revolves about the sun in the solar system. 

THIS ODSEHVATOnY, WHICH WttL HOUSE THE 200-INCH TELESCOPE, IS DKIIES 


CONSTRUCTION ON MOUNT PALOMAE. 




4. What well-known heavenly body turns with the earth? 

The earth, then, rotates daily upon its axis, and revolves 
about the sun, covering 584,000,000 miles in each complete 
revolution. As the earth journeys through space, it is accom¬ 
panied by a companion of about one fourth the earth’s 
diameter. This companion, the moon, is our nearest sky 
neighbor. 

As the earth revolves once around the sun, the moon re¬ 
volves nearly thirteen times around the earth. In fact, some 
people have proposed to make a calendar of thirteen moon 
months. The moon’s orbit around the earth is small. The 
actual period of time which elapses between full moons is 
about twenty-nine and one-half days. The time required for 
the moon’s revolution around the earth is probably the orig¬ 
inal basis for our division of time into months. 

Some American Indians measured time by the changing 
moons. They called March, “The Awakening Moon”; April, 
“The Moon of Green Growing Things”; May, “The Planting 
Moon”; June, “The Wild-Rose Moon”; October, “The Leaf- 
Falling Moon”; and December, “The Long-Night Moon.” 

The moon rotates once as it revolves around the earth, and 
consequently the same side is always turned toward the earth. 
Because of this fact astronomers have been able to see only a 
little more than one half, or 59 per cent, of the moon’s sur¬ 
face. Many photographs have been made of its rocky surface, 
in which the mountains, craters and plains show very dis¬ 
tinctly. You can see some of these features with a good field 
glass, and those of you who live in cities may like to buy a 
glimpse through the telescope often set up on city streets on 
clear nights. 

As the moon revolves around the earth, we do not-always 
see all of the side‘that is turned toward us. As a result we 
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IN IS SHOWN ABOVE. 





WHY can’t we always SEE THE ENTIRE SURFACE OF THE MOON? THIS PICTURE 
WAS TAKEN OF THE MOON IN ITS LAST QUARTER. 
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see the different shapes, or phases, of the moon. You hav3 
probably observed these occurrences numbers of times. | 

If you have a camera, photograph the moon in its differeiili 
phases and display your pictures on the class bulletin boardA 
The earth’s gravitational force holds the moon in its orbit, . 
just as the sun’s gravity holds the earth and the other planets 
in their orbits. The force of gravity is much less on the moon 
than it is on the earth. If there were people on the moon, they 
could jump six times as high as on the earth. A pole vaulter 
might clear six times the present world’s record. 

5. How has the moon influenced the division of the year 
into twelve months? 

We are all familiar with the fact that the year has three 
hundred and sixty-five days. This means that there are 
three hundred sixty-five sunrises and sunsets, or three hun- . 
dred and sixty-five rotations of the earth during a year. 
During this time we have seen the moon pass through its 
phases, from new moon to full moon, some twelve or thirteen 
times. Throughout this period of three hundred and sixty-five 
days, the earth has been traveling around its orbit at a speed 
of about 6,480 miles an hour to complete its journey around 
the sun. You will note that the rate of the earth’s rotation 
and revolution are not the same. 

In a year, as the earth revolves around the sun, we see dif¬ 
ferent constellations at different seasons. A constellation is a 
group of stars which people have imagined as forming the 
outline of some object in the sky. Ancient people thought 
that twelve of these constellations were arranged around the 
celestial equator, which is directly above the earth’s equator. 
These twelve constellations are called the signs of the zodiac. 
Zodiac comes from a Greek word meaning animals. However, 
only seven of the constellations of the zodiac are named after 
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animals; some are named for people. The twelve constella¬ 
tions which form the signs of the zodiac are: Leo, Virgo 
Lihra, Scorpius, Sagittarius, Capricornus, Aquarius, Pisces 
Aries, Taurus, Gemini, and Cancer. Translated they are: the 



AS WE TURN WITH THE EARTH WE SEE THE DIFFERENT CONSTELLATIONS WHICH 
FORM THE SIGNS OP THE ZODIAC. 

Lion, the Virgin, the Balance, the Scorpion, the Archer, the 
Goat, the Water-Bearer, the Fishes, the Ram, the Bull, the 
Twins, and the Crab. Any of you who visit Washington will 
find an excellent representation of the signs of the zodiac on 
the floor of Ae Congressional Library. 

There are many interesting myths concerning these con¬ 
stellations. According to one legend, Leo, the lion, was a 
beast that came from the mountains of the moon. This beast 
carried cattle away and killed the farmers in their fields, 
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The king of Nemea ordered Hercules, -who was the strongest 
man in the world, to kill the animal and return with the skin. 
Years later, when the hero mounted his funeral pyre, he 
wrapped himself in the lion’s skin. Then the lion appeared in 
the sky, and has continued there ever since. 

Cancer is the faintest of the zodiacal constellations. The 
Greeks imagined that the stars formed an outline of a crab. 
This crab was sent by the goddess Hera to seize the heel of 
Hercules as he struggled with the nine-headed Hydra. 
Hercules crushed the crab under his heel, but even so, Hera 
placed the crab in the sky among the constellations. 

There are stories told of each of the other signs, too long 
to relate here. The ancients associated definite characteristics 
and opportunities with the people born under the respective 
“signs.” While we know that these beliefs are mere super¬ 
stition, some people are stiH foolish enough to listen to 
astrological predictions. 

All boys and girls can learn to recognize these constella¬ 
tions and others too. Consult every month a star map, such as 
occurs in Nature Magazine or the Science News Letter, and 
become familiar with some of the stars that parade across the 
sky during the year. 

Find out when each of the constellations of the zodiac is 
visible, and report to the class. 

6. What causes a total eclipse of the sun? 

As the earth revolves around the sun, carrying with it its 
companion, the moon, it sometimes happens that the moon 
passes between the sun and the earth. This shuts off the sun’s 
light from a small part of the earth for a few minutes, causing 
what is known as a total eclipse of the sun. There are always 
two solar eclipses each year, and there may be as many as 
live. However, eclipses do not always occur in a locality 
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where they can be studied. About once in every three years 
a total eclipse of the sun is visible from land, and even then 
clouds may render the spectacle invisible. 

It seems strange that such a small body as the moon is 
able to blot out an object that has over four hundred times its 
diameter. We must remember that the moon is our nearest 



AN ECLIPSE OF THE SUN OCCURS VHEN THE MOON PASSES BETWEEN THE SUN 

AND THE EAHTH. 


sky neighbor, and that the sun is nearly four hundred times 
as far away. If you will hold a saucer before your eyes, you 
can obscure another object as large as a barrel, a washtub, 
,or a house. Similarly, the moon hides the sun from our view. 

Astronomers are able to know far in advance just where 
and when an eclipse of the sun can be observed. We shall not 
see another eclipse from the United States until 1963. There¬ 
fore, it will be necessary to leave the United States, if you 
are to view an eclipse before you are grown men and women. 
If your school has an instrument called a planetarium, you 
can understand that the moon’s shadow strikes the earth at 
a difEerent place at each eclipse. 

When we view a solar eclipse from its beginning to its 
close, we observe one of the most amazing events that human 
beings ever experience. We see the tiny crescent of the moon 
coming between us and the sun. As more of the moon’s sur¬ 
face becomes visible, we receive less Tight from the sun, and 
as a consequence a strange light, somewhat resembling twi¬ 
light, covers the region from which we are viewing this 
eclipse of the sun. Then, after nearly an hour, the sun is 
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entirely hidden from view. Planets and stars are visible, and 
the temperature falls several degrees. Birds seek their nests, 
thinking that night has come. After a brief period of total 
darkness, which can never be more than eight minutes, an 
edge of the sun is seen as the moon continues its revolution 
about the earth. More and more light is received from the 
sun, and in another hour the earth has resumed its usual ap¬ 
pearance. Another total eclipse of the siin is over. 

7, What causes a total eclipse of the moon? 

We understand that eclipse means to darken. When 
there is an eclipse of the moon, the earth does not receive 
any silvery light from its smaller companion during the 
period of total darkness. The moon has no light of its own. 
Like the planets Mars, Venus, Jupiter, and Saturn, it reflects 
the sun’s light. 



AN ECLIPSE OF THE MOON OCCURS WHEN THE EARTH PASSES BETWEEN THE SUN 

AND THE MOON. 

As the moon revolves around the earth, it may happen that 
the earth passes directly between the moon and the sun. The 
sun’s light is shut off from the moon for a time, and the result 
is an eclipse of the moon. There may be two or three lunar 
eclipses in one year. An eclipse of the moon may be observed 
from a large part of the earth’s surface. Therefore, astrono¬ 
mers do not find it necessary to travel great distances to ob¬ 
serve a lunar eclipse as they often do to study a solar eclipse. 

When the earth’s shadow covers the moon’s surface, we 
have positive evidence that our world is round. Why? 
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Collect photographs of eclipses of the sun and the moon, 
and display them on the class bulletin board. Back numbers 
of the Science News Letter will make a good source. 

8. How is standard time determined? 

When we examine a globe representing the earth, we find 
there are lines running through the equator from pole to pole. 
We shall fi,nd that there are twenty-four of these imaginary 
lines, called meridians, or lines of longitude. 

There are 360 divisions called degrees in every circle, and 
the earth’s circumference has been divided into twenty-four 
meridians with fifteen degrees between any two of the me¬ 
ridians. The earth rotates through a distance of 15 degrees 
every hour. Thus, in a twenty-four-hour day the earth has 
made one complete rotation on its axis. 

Because the earth rotates from west to east, the sun is 
directly above the eastern states three hours before it is above 
the states on the Pacific coast. When the sun is directly over¬ 
head it is noon, regardless of wheie we may be. 

Before watches and clocks were invented, people told the 
time of day or night by the sun or stars. The bright star, 
which we call the sun, was used during the daytime. The 
position of the constellation^ in the sky indicated the ap¬ 
proximate time during the night. Modern people continue 
to use the stars as a means of regulating their watches and 
clocks. The time that passes between the appearance of the 
sun directly above a meridian on two successive days is called 
a solar day. 

Prepare a special report, illustrating it with pictures or 
drawings of the different devices people have used in order 
to tell time. 

If we should attempt to regulate our clocks by sun time, 
we should have to set them.ahead if we were to go a short 
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distance east of our homes, and set them back if we were to 
travel west a short distance. This, of course, is impractical. 

In order that people might have less confusion about the 
time, an international conference was held in Washington, 
D. C. in 1884. At that time it was decided that all of the 
civilized nations would adopt standard time. Standard time, 
for the world, is counted from Greenwich, England, through 
which the prime meridian (the meridian marked 0 on maps) 
passes. 

Every town and city within the United States is in one of 
the four time zones as you can see from the map on page 212. 
Boys and girls who live in the eastern time zone have been 
in school three hours when those who live on the Pacific coast 
report for school at half past eight in the morning. When 
school people who live near Omaha and Chicago are excused 
at three o’clock in the afternoon, the boys and girls near 
Seattle and Portland, Oregon, are beginning their afternoon 
classes. You can easily understand that New York City and 
San Francisco do not have the same time, if you will listen 
to the announcements of radio programs that originate in 
these cities. 

Daylight-saving time was widely introduced into the United 
States during the World War. At the present time daylight- 
saving time is used in only a few of the most thickly popu¬ 
lated states. However, one fourth of our population appreci¬ 
ates an added hour of daylight during the summer evenings. 
When people in somp of the eastern localities go to bed on 
the last Saturday night in April, they turn their clocks and 
watches ahead one hour. When the last Saturday night in 
September arrives, the clocks and watches are set hack one 
hour. Then, for eight months, these people, like the other 
three fourths of the people in the United States, use standard 
time. When people live in large cities and must spend 
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siderable time in reaching their homes after working hours, 
daylight-saving time, or summer time as it is sometimes 
called, allows more outdoor recreation in the evenings. 

When people travel westward from San Francisco, or 
Seattle to Qiina, Japan, and other places in the Orient, they 
pass an imaginary line near the middle of the Pacific Ocean, 
called the International Date Line. Find this line, which is 
drawn near the 180th meridian, on a globe of the earth. This 
line was chosen hy international agreement because it does 
not touch land on either side. When ships are sailing toward 
the Orient, a day is added when this line in mid-Pacific is 
reached. If traveling toward the United States, a day is lost 
or dropped out entirely. 



AS WE travel east and west across the united states we change our 

WATCHES SEVERAL TIMES. ON THE MAP AROVe' THE SHADED AREAS IN THE EAST HAVE 
SUMMER DAYLIGHT SAVING TIME IN MOST OF THE CITIES AND TOWNS, 
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When the New Year comes to Greenwich, England, the 
clocks in the different parts of the United States and our 
territorial possessions are widely different. In New York 
City, Boston, and Philadelphia the time would be seven p.m., 
December 31. What time would it be in Chicago? In Denver? 
In San Francisco? Out in the Hawaiian Islands, the time 
would be one-thirty on the afternoon of December 31. In 
Alaska, artificial light might be necessary to learn the time, 
which would be two o’clock on the afternoon of December 31 i 
And out on the tiny Island of Guam, the time would be 
nearly ten o’clock on the morning of New Year’s day. 

Listen to a radio receiver on the hour or half hour to catch 
the announcements of programs. Try to get programs scat¬ 
tered across the country. What time is it at home? What time 
is it in New York, Cincinnati, Chicago, Cleveland, Atlanta, 
San Francisco, and Portland, Oregon? 

9. How can we locate places on the earth’s surface? 

Meridians, or lines of longitude, have been described as 
imaginary lines which run around the earth from pole to 
pole. If we examine maps or a globe of the earth, we shall 
find other lines which run around the earth parallel to the 
equator. These imaginary lines are called parallels of 
latitude. 

The equator is the zero parallel, which divides the earth 
into the northern and southern hemispheres. The distances 
north and south of the equator are divided into 90 divisions 
called degrees. Through these divisions imaginary lines, 
called parallels, extend around the earth. See map on page 
39. You will notice that parallels are actually di'awn only 
every 10°. Latitude helps to determine the climate of a 
region. The farther we go from the equator, the colder we 
expect the climate to be. 
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. Every spot on the earth’s surface has a meridian as well 
as a parallel running through it. Meridians and parallels are 
divided into degrees, minutes, seconds, and fractions of 
seconds. Any point on the earth’s surface can be indicated' 
with exactness by means of the imaginary lines of latitude 
and longitude. 

The Greenwich, or zero meridian, and the equator are the 
points from which the location of any place on the earth is 
measured. Every place is so many degrees, minutes, and 
seconds of latitude north or south of the equator. 

THINGS TO DO 

1. Look up the myths connected with some of the constella¬ 
tions that belong in the zodiac and report to the class. 

2. Find out how many round trips between San Francisco 
and New York City would have to be made to equal the 
distance that the earth covers each year as it journeys 
around the.sun. 

3. Collect news items which show variations in time 
throughout the world, and arrange them on the class 
bulletin board. 

4. Get a copy of the latest edition of the World Almanac 
from the school library. Find the section on standard 
time. On the blackboard make a table to show the 
time in principal cities of the world when it is noon in 
New York City. 

5. The planting directions on most packages of garden 
seeds are given for the latitude of Philadelphia. From 
a map or globe find the nearest parallel of latitude to 
Philadelphia. How far north or south of this line is your 
home? How much allowance should be made in season 
due to the distance north of south of Philadelphia? 

6. Can you construct a moving model of the earth to show 
its inclination on its axis? Set your model so that a beam 
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of light falls on the earth from one side. Let the light 
beam represent the sun. Can you show the effect of the 
inclination of the earth with your apparatus? 

7. Make a record of the time that you can first see the 
moon on each of three successive nights. What is the 
difference in time? 

8. What is the location of your city or town in terms of 
latitude and longitude? 

9. What cities in South America are approximately as far 
south as St. Louis is north? 

SOME THINGS TO REMEMBEK 

1. The rotation of the earth causes day and night. 

2. Days and nights are of unequal length because the earth 
is inclined on its axis at an angle of 23^^ degrees. 

3. The planets are held in their orbits by the gravitational 
pull of the sun and centrifugal forces. 

4. Sir Isaac Newton discovered the laws of gravitation. 

5. We measure the earth’s gravity for objects on its surface 
in pounds or in grams. 

6. Tides are caused mainly by the moon’s gravitational 
attraction. 

7. The four seasons are caused by the earth’s revolution 
around the sun and by the inclination of the earth’s axis. 

8. The word equinox means equal days and nights. 

9. The word solstice means the standing still of the sun. 

10. We see the different phases of the moon as it revolves 
around the earth. 

11. A total eclipse of the sun occurs when the moon passes 
between the earth and the sun. 

12. A total eclipse of the moon occurs when the earth passes ' 
between the moon and the sun. 

13. The earth’s rotation is used in determining standard time. 

14. The earth is divided into twenty-four time-zones by the 
meridians or lines of longitude. 
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15. "there are four different time-zones in the United States, 

16. The parallels of latitude run north and south parallel 
to the equator. 

17. Any point on the earth’s surface can be indicated exactly 
by means of the imaginary lines of longitude and 
latitude. 
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UNIT SEVEN 


What Are Things Made Of? 

What This Unit Is About 

Have you ever looked at what appeared to be a simple 
substance under a microscope or a hand lens? Were you 
amazed to find that what seemed to he one solid substance 
turned out to be made of a great many smaller pieces? 
Even if you look at the back of your own hand under a 
large hand lens it seems to be made up of a great many 
small pieces. Are the smaller particles of which many 
substances seem to be made the building blocks of nature, 
or are there still smaller pieces? Are the true building 
blocks of which all substances are made even smaller than 
things which you see under a microscope? 

Have you heard such terms as chemical elements and 
chemical compounds used? What do these words mean? 
Many new kinds of substances are being put together 
by scientists known as chemists. What does a chemist do? 
With what kinds of knowledge does the subject of chem¬ 
istry deal? Of what use is chemistry to those of us who do 
not intend to become chemists? Do we have any chemical 
substances about our own homes? Is it possible that we 
are concerned with any chemical changes in our ordinary 
living? 

What becomes of the food that you eat? How is it pos¬ 
sible that milk, bread, and apples can become a part of a 
boy or girl? If a stick of wood is burned in a fireplace, 
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does part of the wood just disappear with the smoke that 
goes up the chimney, leaving only the ashes on the hearth? 
What becomes of the smoke? 

If you pour a tahlespoonful of table salt into a large 
tumbler of water and stir it, the salt seems to disappear. 
If you hold the glass to the light you cannot see the salt. 
If you taste the water, its taste has changed. What has 
happened? Can you recover the salt? 

Suppose you should put half a teaspoonful of baking 
soda in a glass dish, adding a weak acid—^lemon juice or 
vinegar will do—^to the soda, a very little bit at a time. 
What happens? What becomes of the soda? Can you get 
all of the soda back? What becomes of the acid? 

Can you make any application of what you have found 
out about baking soda? What makes the bubbles? What 
does baking soda do in some kinds of breads and cakes? 

In this unit we shall try to help you to get some answers 
to problems like these. We shall try to find out something 
about how the substances of nature are put together. You 
will find a list of the problems with which this unit deals 
on the following page. Do you have others of your own 
like these that you would like to have answered? 
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"What Are Tilings Made Of 


UNIT PROBLEMS 

1. What are solids, liquids, and gases? 

2. What are chemical elements? 

3. What is the difference between a mixture and a com¬ 
pound? 

4. What happens when a fuel burns? 

5. What elements are found in some common chemical 
compounds? 

6. How do we “burn” foods in our bodies? 

7. Why do we need water? 

8. Of what are we made? 

1. What are solids, liquids, and gases ? 

If we ask how the things of our world are put together, 
we find that different things have different appearances. 

A piece of stone is heavy; it is solid; it seems to be all in 
one piece; you cannot see through it. If you let the stone fall, 
it drops in one piece. If you take it into your bands, it does 
not bend. 

On the other hand, a quantity of water has qualities that 
are different from those of the stone. The water has weight, 
but you can thrust your hand right through it. It runs together 
again when you take youf hand away. You can see through 
the water to the bottom of the vessel that contains it. You 
must keep the water in a container, or it spreads out or runs 
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THE THREE FORMS OF SUESTAHCCS ARE SOLIDS, UQUIDS, AND GASES. EXAMPLES OF 
THESE ARE A BRICK, WATER, AND THE AIR IN AN AUTOMOBILE TIRE. 


away. If you turn the water out of its container, instead 
of falling in one piece, it runs or pours from the vessel. 

In the science storeroom at school find a bottle of ammonia 
water. You may find a solution labeled ammonium hydroxide. 
Take out the stopper. Bring your nose cautiously over the 
bottle. Do not get too close to the mouth of the bottle. Note 
the strong, sharp odor and the stinging sensation in your nose 
and eyes. Something is escaping from the bottle. It does not 
pour, because the liquid is still in the bottle. It does not fall 
on the floor like a stone. You cannot grasp it and you cannot 
see it, and yet there must be something present that causes 
the sharp odor and the stinging sensation. 
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Objects like the stone we call solids. Materials which 
behave in many ways like water are called liquids. Sub¬ 
stances such as the fumes from the ammonia bottle are gases. 
Sometimes we speak of the forms of the substances that we 
see all around us as the three states of matter. Very simply, 
this means that all the materials of our world are either 
solids, liquids, or gases. 

Familiar solids are wood, iron utensils, paper, copper, 
cotton, bread, a lump of sugar, a book, a pencil, a piece of 
coal, and a candle. 

Liquids are water, vinegar, syrup, gasoline, kerosene, 
lemon juice, cider, mercury, and alcohol. You can think of 
others. 

Some gases are air, oxygen, carbon dioxide, hydrogen, 
illuminating gas, natural gas, the gas from gasoline, am¬ 
monia, and others. 

Many substances exist' in more than one of the states of 


SOME SDBSIAKCES CAN EXIST IN ALL THREE STATES OE MATTER. 
ICE water 



matter. To say this in another way, a substance can often be 
changed from one of these states into another. A familiar 
illustration is that of water. Ordinarily we think of water 
as a liquid. On the other hand, if it becomes as cold as 
32° F. or lower, water turns into ice, a solid. If we heat 
water until it boils, 212° F., the water turns into water vapor, 
a gas. 

Is the inner composition of water changed when it changes 
from a liquid to a solid? Explain. 

There are many other examples of changes of state that 
you know. When you buy gasoline for the automobile, you 
buy it as a liquid at so much per gallon. The fuel that burns 
in the automobile motor to pull the automobile is a gas, 
however. The liquid gasoline turns quite easily into a gas. 
Warming the gasoline makes the change take place more 
readily. Keeping the gasoline cold slows up the change. .You 
know, of course, that an automobile is harder to start in 
winter weather than it is in summer. The difficulty is that 

the cold liquid gasoline 
does not turn into gas so 
readily as it does in 
summer. 

Probably you think of 
sugar as a solid. If you 
put the sugar into a pan 
and heat it, it turns into a 
syrup which is a liquid. 
A candle is a solid. When 
you burn the candle some 
of the wax melts into a 
liquid and runs down the 
candle. As it cools, it be¬ 
comes solid again. 


STEAM OR WATER VAPOR 
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You will have noticed by this time that changes in the 
state of a substance happen when there are changes in tem¬ 
perature or changes in pressure. Iron can be melted into a 
liquid if the temperature is high enough. Mercury can be 
frozen into a solid if the temperature is made low enough. 
-Water freezes if the temperature is made low enough and 
changes to water vapor when the temperature is raised suffi¬ 
ciently high. 

Often it is necessary to increase or lower the pressure as 
well as change the temperature to make a change in the state 
of a substance. Air can be turned from a gas into a liquid 
at high pressures and very low temperatures. Gases in 
mechanical refrigerators are cooled and compressed to change 
them into liquids. The purpose of the pump, or compressor, 
in the refrigerator unit is to increase the pressure to turn the 
gas into a liquid. The pump serves also to lower the pressure 
on one side of the system. As the liquid escapes into the part 
of the system having a low pressure, it suddenly expands into 
a gas again.. It is this change which produces the cooling 
inside the refrigerator. 

We depend upon changes of this kind for all of our rain¬ 
fall. Water exposed to the air slowly changes to water vapor. 
This process takes place more rapidly when it is warm. Water 
exposed to the sun evaporates, or changes to water vapor, 
very quickly. This water vapor mixes With the air and drifts 



WHAT IS IN A LUMP OF COAL? 
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away with currents of 
air. If the air is chilled, 
the water vapor con¬ 
denses or turns back into 
water. The water is in 
the form of very tiny 
drops. These run to- 
into familiar rain¬ 
drops as the air currents 
are thrown together in 
the cooling process. 

A few substances pass 
directly from a solid 
state into gases without 
becoming liquids. This 
is sometimes true of ice. 

In cold weather a piece 
of ice gradually de¬ 
creases in size as the ice 
turns directly into water 
vapor without melting. 

^ ° HARD WATER CONTAINS VARIOUS MINERALS. 

The water vapor disap¬ 
pears into the air. After awhile the piece of ice disappears 
without melting. Iodine can be changed directly from a solid 
into a gas without its becoming a liquid- Tow might try gently 
warming a few bits of solid iodine. Do not breathe the gas. 
What we commonly know as liquid iodine, tincture of iodine, 
is a solution of solid iodine in alcohol. 

2. What are chemical elements? 

If you will examine carefully a good-sized piece of coal, 
you may be able to see several kinds of substances in it. It 
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may be necessary to break the piece open with a hammer, • 
You will see some material that is coal and probably some 
pieces that are rock. You may find some slate. If you burn 
a small amount of coal, the coal seems to disappear. Smoke 
and gases are soon lost in the air. Any vessel that is held in 
the smoke, especially from soft coal, is blackened with soot 
that somehow comes out of the coal. After the coal is burned, 
you will find some materials left that we call ash or cinder. 
If there was rock or slate in the piece, these will be left in 
the €tsht 

Is it not apparent that what seems to be one solid piece of 
material at first is truly a mixture of several substances? 

This is also true of many other things that we find aU 
about us, not only for solids, but also for liquids and gases. 
Ordinary water as we find it in nature is a mixture. Hard 
water contains various minerals. This you can see by boiling 
off the water and examining the scale left in the vessel. Creek 
water is a mixture of water, clay, sand, and other substances. 
The soil is also a mixture of many things. 


THE IRON MINE AT HIBBINC, MINNESOTA, IS THE GREATEST IN THE WORLD. 



Very often we have problems that are concerned with 
separating substances from mixtures. The softening of hard 
water is a matter of separating from the water the minerals 



WATER CAN BE SEPARATED INTO THE TWO CASES OXYGEN AND HYDROGEN. 


which cause the hardness. In any city-water*supply system, a 
part of the problem of conditioning the water for human use 
is the separation of mud and other substances from the water. 
Nearly all of the metals which we use in our tools and ma¬ 
chines are found mixed with other substances in the rock 
of the earth. In order to recover the metal, it is first necessary 
to separate the ore containing the metal from the rock mixture 
in which it is found. (See also page 239.) 

Our question about the nature of substances goes farther, 
however. Can we break into simpler substances those things 
that appear to be just one substance? For example, what is in 
pure water? It is possible to separate water into its parts. 
This can be done by passing an electric current. through 
water. When this is done the water is broken down into two 
gases, hydrogen and oxygen. The process is called elec¬ 
trolysis. The apparatus used is shown in the diagram. 

It is probable that your science teacher will demonstrate 
thi§ process for you. 

These two gases are combined always in the same definite 
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proportion to form water. We might say that water always 
has exactly the same recipe, and so is made up of the same 
two gases in exactly the same proportions. For water, the 
proportions are two volumes of hydrogen to one volume of 
oxygen. You should be able to see the proportions in the 
demonstration which the teacher will carry out in the class¬ 
room. 

It is also possible to put hydrogen and oxygen together to 
form water. There are several ways to do this. Very often 
when hydrogen and oxygen are mixed, violent explosions 
take place. Since over 20 per cent of the air is oxygen, and 
since hydrogen burns very readily, mixtures of hydrogen and 
air are often very explosive. This is the reason that hydrogen 
is not a good gas for filling dirigibles. In these explosions 
water is formed by the uniting of the hydrogen and oxygen. 
We could form water, then, by burning hydrogen in air, or 
in oxygen. This might be a dangerous experiment. A simple 
way to get water from hydrogen and oxygen is to bum an 
ordinary wax candle. The candle wax is chiefly a compound 
of hydrogen and carbon. If the candle is burned, the hydrogen 
unites with the oxygen from the air to form water. If you will 
cool a glass beaker and hold it upside down over a candle 
flame, you may be able to collect drops of water from the 
burning candle. 

You may now properly ask if it is possible to break down 
such substances as hydrogen and oxygen into other simpler 
substances. The answer is no. Such things can be separated 
into smaller particles, but these still have the properties of 
the substances! of which they are parts. We call these elemen¬ 
tary substances which make up all the various things in our 
world chemical elements, or often just elements. There are 
now 92 of these elements known, although later findings may 
add to this number. All of the substances that we know on 
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the earth are elements or made up of combinations of two or 
more of these elements, either in compounds or in mixtures. 

Familiar substances that are elements in their pure states 
are such things as oxygen, hydrogen, neon, iron, copper, 
silver, aluminum, mercury, iodine, sulphur, and nitrogen. 

The commonest elements in the crust of the earth are 
oxygen, silicon, aluminum, iron, calcium, sodium, potassium, 
and magnesium. These eight elements make up more than 
98% of the earth’s crust. Oxygen accounts for 46.71%, and 
silicon for 27.69%. You can' see some comparisons by know¬ 
ing that carbon makes up only .094% of the crust, and such 
elements as copper and lead, .01% and .002%. 

Many elements exist in large enough amounts that they 
can be observed or handled. They can be recognized by 
some properties which we can experience with our senses, 
such as seeing, feeling, tasting, smelling, or weight estimating. 
Such elements are the common metals, iron, copper, lead, 
zinc, and mercury. Calcium, caf'bon, and sulphur also can be 
distinguished by such properties. Other elements are more 
difficult to observe. For example, oxygen is colorless, odor¬ 
less, and tasteless. Although we can bottle it in some con¬ 
tainer, we cannot see it as we can see such a solid as iron. 
We know oxygen chiefly by its behavior, especially its be¬ 
havior with other substances. This same thing is true of most 
other elements that are gases at ordinary pressures and 
temperatures. 

Make a collection of substances that are chemical elements 
in a pure state. Label these with common names and set up 
an exhibit of them for other people in the school. 

Some elements exist in very small quantities in any one 
place. Often these can be separated from other elements only 
with the greatest difficulty. It has been solely by the most 
painstaking efforts by men of science that they have become 
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AN ATOM SMASHER IS AN INSTRUMENT FOR BREAKING ATOMS. THIS ONE IS IN 
HARVARD UNIVERSITY. 

known at all. Often we kno'fr such elements almost entirely 
by their behavior in relation to other substances. The con¬ 
tinued struggle of men and women to learn more about how 
our world is put together accounts for the fact that we know 
that some of the 92 elements exist at all. The fascinating story 
of the work of Mme. Marie Curie in the discovery of radium 
is a good illustration of such investigation. 

This effort to find out about the “stuff” of our world has 
led scientists to try to find out how the elements themselves 
are put together. They now believe that elements consist*of 
very small particles which they call atoms. Unlike a mass of 
an element like iron, which we can see and feel, we know 
atoms only hy their apparent behavior in the substance in 
which they are found. Atoms are very much smaller than any 
bacteria that we know. They cannot be seen with the most 
powerful microscope. 
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The search has gone even further. You may read in your 
morning newspaper, or in this week’s issue of your favorite 
science magazine, that some famous scientist, or some great 
laboratory, is building an atom smasher. Pictures of these 
show enormous machines using large charges of electricity. 
See the picture on page 230. Such machines are to be used 
to break up further these very minute particles of atoms 
that no one has ever seen. 

We now believe that atoms of elements are made of very 
small particles or charges of electricity. Some of these charges 
are positive and some are negative. The positive ones are 
protons, and the negative ones electrons. Protons and elec¬ 
trons are arranged in definite patterns to form the atoms of 
the different elements. There is also a fixed number of pro¬ 
tons and electrons in each 
of the atoms of each ele- {(*8* Vi (' 1 ") 

ment. The number and the 


pattern of these particles 
determine the kind of ele¬ 
ment which the atoms 
form, and the properties 
or characteristics which 


Oxygen 

i ♦ (lZ+.! • j 

Magnesium 


Hydrogen 


Sulfur 


Carbon 



Chlorine 


the element will have. 

We believe in these 



bundles of energy as parts 

( { 3-K; ) 

i 4 ( 11 +) ♦ 

of atoms, because sub¬ 



stances behave as if they, 

Lithium 

Sodium 



Potassium 


were constructed in this 
way. If we cannot see 
atoms, we certainly can¬ 
not see protons and elec¬ 
trons. We have some evi¬ 



dence of the existence of ber patterns of protons and electrons. 
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can be photographed. 

3. Vhat is the difference between a mixtnre and a com- 
ponnd? 

As you have Seen, it ia hard to separate some elements 
from L substances of which they are a part. Most things as 
we find them in nature, or manufacture them m industry, are 
r—ds of elements, or mixtures. The air is a mixture of 
gases. Pure water is a chemical compound of the dements 
Ldrogen and oxygen. Creek water is a mixture of the com- 

pLnd water, with mud, sand, and other substances. 

Get a sample of creek water. How can you separate the ma- 
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Hmo can you be sure this water is safe to drmk. Outline 

a process for treating such water for drinkmg purposes. 
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A compound is a combination of two or more chemical 
elements into a substance that has definite properties of its 
own, that are different from the properties of the elements 
that make up the compound. For example, as we have seen 
the gases oxygen and hydrogen unite to form water. Both 
oxygen and hydrogen are gases. Hydrogen is lighter than air. 
Hydrogen will burn in oxygen. These are properties of the 
elements oxygen and hydrogen. Water has properties that 
are different from those of either of the gases forming it. 
Water is transparent, but it can he seen. At ordinary temper¬ 
atures and pressures it is a liquid, and not a gas. Water does 
not bum. Water is much heavier than air. Perhaps you can 
think of other properties of water. Name as many properties 
of water as you can. 

The same elements always can unite to form the same 
compounds and in the same relative amounts or proportions. 
We can say this in another way, by saying that each com¬ 
pound has a definite pattern or recipe and always has in it 
the same elements in the same proportions. If the proportions 
of the elements making a compound are changed, some other 
compound is usually formed. For example, the elements 
carbon, hydrogen, and oxygen unite to form starch. Another 
proportion of these same elements makes alcohol. For these 
two compounds the elements are the same, but the amounts 
of the elements differ in the two. 

A mixture is different from a compound in that the sub¬ 
stances in a mixture do not unite to form new substances, 
but still have their original properties. It is often possible 
to separate elements from mixtures by simple processes. Air 
is a mixture of gases. Oxygen mixed in air still has all of 
the properties of pure oxygen. 

Mixtures are often made up of compounds, or of some 
elements and compounds. Air contains the elements oxygen, 
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nitrogen, helium, and neon, with some rarer ones. It also 
contains small amounts of the compounds carbon dioxide, 
water, and often other gases that are compounds, such as the 
furnace gases escaping from chimneys. 

The amounts of materials in a mixture change at diflerent 
times. As we have seen, the amount of water vapor in the air 
mixture changes from day to day and from hour to hour. 
Pure water is always a compound of the two elements oxygen 
and hydrogen in the proportions of two parts of hydrogen 
by volume to one part of oxygen. Rain water, which is a 
mixture, contains water with some dissolved gases, perhaps 
some mud, often some germs, and other substances. The 
proportions of these impurities change with the samples of 
water taken at different times and at different places. 

If we try to break up compounds into simpler parts, they 
can be separated into elements. The smallest part of a com- 






A MODEL SHOWS THE AERANCEMENT OF MOLECULES IN LIQUID WATER. 
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pound that can exist as a compound and have all of the proper¬ 
ties of a particular compound, we call a molecule. We also 
think of molecules of elements. The molecules of any element 
contain atoms that are all alike. The molecules of a com¬ 
pound contain two or more kinds of atoms. If the atoms within 
the molecules of a substance are all alike, the substance must 
be an element. If the molecules contain more than one kind 
of atom, then the substance in question must be a compound. 

4. What happens when a fuel burns? 

Our common fuels are mixtures or compounds. Coal is a 
mixture. The compounds that burn are chiefly compounds of 
carbon and hydrogen. Gases manufactured from coal to be 
burned as fuel are also mostly compounds of these two ele¬ 
ments. Natural gas and fuel oil are mixtures of compounds 
formed from these same two elements in differing proportions. 

Burning is really a chemical change in which the elements 
of the compounds in the fuel combine with oxygen to form 
other compounds. In most burning, the oxygen comes from 
the air. In this change much heat is produced. Often when 
the fuel is confined the sudden expansion of heated gases 
makes explosions that are very forceful. Such explosions 
can be most destructive. If we are able to control the ex¬ 
plosions we can develop heat engines, such as the gasoline 
motor, to do useful work. 

In these common fuels the carbon from the fuel compounds 
unites with oxygen from the air. One of the commonest 
products is the gas carbon dioxide. Other gases are some¬ 
times formed. One of these is carbon monoxide. This is a 
deadly poison and is the cause of many cases of illness and 
death when automobiles are operated or motors left running 
in closed garages. 

The hydrogen from these fuel compounds unites with 
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THESE COMPOUNDS CONTAIN THE SAME CHEMICAL ELEMENTS^ CARBONi OXYCENt 
HYDROGEN, BUT IN DIFFERENT PROPODTIONS. 


oxygen from the air to form water. If the fuel which is being 
used is not completely burned, then other gases are formed. 

Soot is chiefly carbon and it is left when some of the carbon 
from coal, wood, oil, or gas does not combine with oxygen 
from the air. Ashes left from coal and wood are due to the 
presence of mineral substances in the fuels which do not com¬ 
bine with oxygen in burning. Can you explain why soot is 
sometimes left in burning gas, oil, or gasoline? Why do these 
fuels leave no ashes? 

Place some wood chips in the bottom of a hard-glass test 
tube. Fit a small bore glass tube into a one-hole rubber 
stopper. Fit the stopper into the test tube. Heat the wood 
chips in the flame of a Bunsen burner. Will the gas that is 
given off bum? Caution! Allow the gas to escape from the 
tube long enough to remove the oir before trying to light it. 
This will prevent an explosion. What is left of the wood in 
the test tube? Will this substance burn? Explain as well as 
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you can what becomes of the wood and what has taken place in 
the process of the heating. Try this experiment with coal chips. 

5. What elements are found in some common chemical 
compounds? 

It is possible to burn such elements as carbon or hydrogen. 
As we have seen, most fuels are compounds of these two 
elements. Wood is chiefly a chemical compound called cellu¬ 
lose containing the elements carbon, hydrogen, and oxygen. 
The woody fibers of all plants are cellulose. 

Starch is another of these plant compounds with the same 
elements in different proportions. Sugar is also a compound 
of these three elements. There are many different kinds of 
sugars, but when we speak of sugar we usually mean cane or 
beet sugar. Cane and beet sugar have the same chemical 
composition, and are, therefore, the same kind of sugar. 
There are, however, many kinds of sugar having different 
compositions; that is, having carbon, hydrogen and oxygen 
in different proportions. For instance, grape sugar has a 
different combination of these three elements from cane or 
beet sugar. 

The foodstuffs composed of hydrogen, oxygen, and carbon 
we sometimes call the carbohydrates. In these compounds the 
hydrogen and oxygen occur in the same proportions that they 
do in water. The carbohydrates include all of the starchy 
and sugary foodstuffs, the cellulose of wood, and cotton fiber. 
They are manufactured in nature in the green parts of plants. 
The raw materials come from carbon dioxide taken from the 
air through the leaves of the plants and from water which 
comes up through the roots of plants. 

Alcohols are made from starch, sugar, cellulose, or wood. 
The coinpounds contain the same elements as the carbo¬ 
hydrates, but in different proportions. 
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Fats and plant and animal oils have the same chemical 
elements as the carbohydrates, but in much more complicated 
formulas. There are many different kinds of fats and oils 
just as there are many kinds of sugars. Common examples of 
oils are olive oil and cottonseed oil. 

Food substances that are very complicated compounds of 
nitrogen, with hydrogen, oxygen, carbon, and sulphur, are 
called proteins. They are especially rich in nitrogen. Proteins 
exist in lean meats, in many vegetables and grains and in 
white of eggs. These furnish the growth materials for the 
cells of our bodies. 

The common metals, such as iron, aluminum, copper, 
lead, zinc, gold, and silver, are chemical elements. They form 
many compounds. All of these combine, usually rather slowly, 
with oxygen. Iron rust is a compound of iron and oxygen. 
Rusting of iron in moist air is considered as a slow burning. 


COAL AND BRBAD ABE TWO FUELS THAT COMBINE WITH OXYGEN TO PRODUCE HEAT 
TO KEEP US WARM. CAN YOU TELL WHAT TAKES PLACE IN EACH CASE? 




Most of the metals are not found as pure elements free 
in nature. Chemical compounds of them are found. These 
minerals are often compounds of the metal with substances 
such as oxygen or sulphur. The mineral compounds are 
mixed with other substances in the rock. To get a metal it 
is necessary to get the mineral out of the rock mixture, and 
then treat it so that the metal is separated from its compound. 
This treatment is often a process in which the unwanted ele¬ 
ment of the compound joins with-some other elements in a 
mixture to form new compounds, leaving the wanted metal 
free. (See also page 227.) This latter process usually re¬ 
quires heating the metal or the compound containing the 
metal and any other added substances. 

Arrange an exhibit of some common chemical compounds. 
On the label for each place the common name of the com¬ 
pound and a list of the elements of which it consists. Can 
you find the chemical formulas for these compounds in 
chemistry textbooks? Your label should look something like 
this: 


SUGAR 

Composed of hydrogen, oxygen and carbon 

C12H22OH 


6. How do we “burn” foods in our bodies? 

The heat which keeps our bodies warm, and the energy 
we need to move about and work, come from the chemical 
combination of. oxygen with the foods which we eat. This 
process is sometimes called oxidation. Ordinary burning of 
fuels is also oxidation. So is the rusting of iron. Since the 
chemical process is the same as that in burning, we often 
speak of burning fuel-foods in our bodies. 
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The fuel-foods which furnish the energy and heat for our 
bodies are the carbohydrates and the fats. You will remem¬ 
ber that these contain the elements carbon, hydrogen, and 
oxygen. You will also remember that two of these are the 
elements which occur in all of our fuels. Two of the com¬ 
pounds formed in this burning of energy-fuels are carbon 
dioxide and water. These are given off from the lungs in 
breathing. 

You are familiar with the process of seeing your own 
breath in cold weather. This happens when it is cold enough 
to condense the water vapor in the breath to small droplets 
of water that become visible in the air. You can get something 
of the effect by breathing on a cold windowpane or mirror. 
The glass becomes fogged with drops of moisture as these 
condense on the cold surface. 

A test for the presence of carbon dioxide is that it forms 
small white particles, a precipitate, in limewater. You can 
make limewater by dissolving slaked lime in water. Put some 
slaked lime in a glass of water and stir thoroughly. Let this 
stand for ten or fifteen minutes. Be sure that the water at the 
top is clear. Carefully pour off the clear water. This is the 
limewater. Now bubble your breath through a glass tube into 
the limewater. Do you get a white precipitate? If you do get a 
white precipitate, it shows that there is carbon dioxide in 
your breath. 

The food eaten comes in through the mouth and passes 
on down through the digestive tract. It is chewed and mixed 
with digestive juices in the mouth. As it passes on through 
the parts of the digestive tube, it is ,further mixed with other 
substances which break part of it down into materials that 
are dissolved in the water taken into the body. These dis¬ 
solved substances pass through the walls of the small intestine 
into' the blood stream. The blood carries the dissolved food 
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FOODSTUFFS FROM WATER AND CARDON DIOXIDE. 


to various parts of the body. The actual “burning” takes 
place in the various cells of the difierent tissues of the body. 
Read in this connection pages 402-406 of Unit Eleven. 

The oxygen for the burning of the food comes from the 
air. It is taken in through the nose and mouth through the 
windpipe and bronchial tubes to the lungs. It passes through 
the walls of the tiny air sacs of the lungs into the blood where 
it is dissolved and carried to the cells. In the cells it unites 
with the dissolved food materials. The carbon dioxide and 
some of the extra water formed are carried by the blood 
stream back to the lungs where these substances are breathed 
out as waste materials. 

Plants breathe by a process similar to that of animals. 
The organa differ, however. The breathing apparatus is in 
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the leaves. The oxygen and food materials are dissolved in 
water in the sap of the plant and carried to the various plant 
parts. The waste products are water and carbon dioxide just 
as in animals. 

The manufacture of foodstuffs for the world goes on in 
the green parts of plants, for the most part in green leaves. 
Carbon dioxide from the air, part of which comes from the 
waste breathed out by people, plants, and animals, is taken 
into the leaves of the green plants. Water is taken up from 
soil water through the roots of these plants and carried in 
the sap to the leaves. In the leaf cells, where a green coloring 
matter caM&A chlorophyll is found, this water and the carbon 
dioxide are combined into starches and sugars. (See page 
237.) The energy for this irtanufacture comes from sunlight. 
The process goes on only in sunlight. The starches and sugars 
are stored in different parts of the plant and serve to supply 
the plant with needed food. Animals get their starches and 
sugars from these stored plant-foods. Such foods, as the 
starches in grains, the starch of the potato, and the sugars 
and starches of fruits like apples and pears are illustrations. 

7. Why do we need water? 

If plants and animals depend upon starches and sugars 
manufactured by the green plants for their food, then one 
of the most important raw materials for our food supply is 
water. In a very real sense we not only drink water, but we 
also eat it. 

When you recall the story on pages 113-114, you can see 
that we depend upon water for our food supply in another 
way. Food materials to be taken up by the cells and tissues of 
our bodies must be dissolved in water. Sometimes we say 
that these foods must be in solution. 

You can get some notion of what happens when a substance 
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dissolves in water if you will repeat the first experiment 
suggested in this unit. Stir a teaspoonful of common salt into 
a half glass of water. Taste the water before and after putting 
the salt into it. The salt seems to have disappeared, and yet 
the water tastes like salt. You cannot tell by looking at the 
water that there is salt in it. If you will boil the salt water 
in an evaporating dish until the water disappears, you can 
recover the salt in the bottom of the vessel. Taste the salt 
left in the dish. As a matter of fact, you can collect the steam 
from the water and condense it, and get water again without 
any salt in it. Can you carry out this last step? 



FILTER A MIXTURE OF SAND, SALT, AND WATER. WHY DOESN’T THE FILTER REMOVE 
THE SALT? HOW CAN YOU SEPARATE THE SALT AND WATER? 

If you keep on adding salt to a salt solution, after a time 
you will reach a point where no more salt will dissolve. The 
extra salt will settle to the bottom of the container. When 
the water reaches the point, called the saturation point, where 
it will dissolve no more of a certain substance, we say that 
we have a saturated solution of that particular substance. 

Although the salt in a solution seems to disappear, it does 
not form a compound. We can still recover the salt as salt, 
and the water as water. There is no new substance formed. 
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Neither is a solution a mixture in the ordinary sense. 
Water and mud, or water and sand, are mixtures, hut not 
solutions. Some mixtures of solids with water can be sepa¬ 
rated from the water by filtering. A solution in water passes 
through a filter. 

Try making a mixture of sand and water. Now pour ihis 
mixture into a filter paper set into the mouth of a glass , 
funnel. (Your teacher will show you how to fold a filter 
paper to fit the funnel.) Catch the water in a glass or beaker 
as it comes through the funnel. Note that it is clear and that 
the sand stays in the filter. What property of a mixture does 
this illustrate? 

Now make a solution of salt in water. Taste the salt water. 
Pour this through a fresh filter paper and catch the water 
as it comes through. Taste this water. Does it taste salty? 
Is there any salt left in the filter paper? 

Many substances will dissolve in water. Some will not. 
Sugar dissolves in water, but starch does not. You can try 
this for yourself if you like. Some kinds of sugars are readily 
used by the human body as food. Starches must be changed 
into sugars to be used in the body. Since starches are not dis¬ 
solved in water, they cannot he carried by the blood stream 
to different parts of the body. The starch is changed by chemi¬ 
cals in the digestive juices. We call these chemicals enzymes. 
The purpose of the enzymes is to change insoluble chemical 
conipounds into new compounds that will dissolve in water. 

The first of the enzymes to change starchy foods is found 
in the saliva in the mouth. Other digestive juices contain 
chemicals that form compounds of other kinds of foods, such 
as fats and proteins, so that these can dissolve in water. 

A process very much like the digestive changes that take 
place in the digestive tract occurs in the ripening of fruit. 
A green fruit contains a relatively large amount of starch. 
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Enzymes in the fruit change the starch into sugars, part of 
which are dissolved in the watery juices of the fruit. You can 
often tell when this ripening has taken place because the fruit 
tastes sweet, and because it is softer and juicier, due to the 
fact that some of the sugar from the changed starch is dis¬ 
solved in the juice. 

Water also carries the mineral foods needed by living 
plants. These mineral foods are found as compounds of the 
needed substances in the soil. (See pages 59-60.) The most 
needed of these are potassium, phosphorus, and nitrogen. 
Some others are calcium, sulphur, and magnesium. The 
compounds of these elements to be of value to plants must 
be dissolved in water to pass through the walls of the roots 
and flow through the plant tissues. 

A plant sufEers for lack of water in dry weather. It also 
suffers for lack of mineral foods, as these foods cannot be 
carried to the plant if the soil is extremely dry. 

It is especially important that fertilizers used as plaitt 
foods contain compounds of these needed elements that will 
dissolve in water. If the fertilizing compounds do not dis¬ 
solve, they cannot be of any value to the plants. You may 
be interested to see if commonly sold commei’cial fertilizers 
will dissolve in water. 



TO BE OF VALUE TO PLANTS, PLANT FEDTIUZEBS MUST DISSOLVE IN WATER. 
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Some fertilizers act very slowly. This means that when 
mixed with soil and exposed to the weather the contents of 
the fertilizer form new compounds that finally will dissolve 
in water. This is true of a fertilizer like bone meal. Little of 
the bone meal as it comes from the packing house will dis¬ 
solve. For this reason it is not a good fertilizer to get quick 
results. Left on the soil and exposed to the elements in the 
soil and air, the bone meal changes slowly to other com¬ 
pounds that do dissolve and that can be used by plants. 

8. Of what are we made? 

From what we have said you must have seen that at any 
one time a considerable part of most plants, or of animal 
bodies, consists of water. This is true of our own bodies 
as well. 

Much of the remaining weight is due to the weight of the 
bony structure. Bones are largely compounds of calcium and 
phosphorus. Calcium is the white mineral element which is 
the important element in lime, or in limestone. Older scien¬ 
tists said at one time that bones were made largely of lime. 

Phosphorus occurs as an element in two forms. White 
phosphorus is a white waxy substance which is very poison¬ 
ous. It catches fire readily when exposed to air at fairly low 
temperatures. Red phosphorus is a dull red powder. It is not 
poisonous and does not burn so readily when exposed to the 
air. Matches are tipped with a phosphorus compound which 
bursts into flame from the heat made by rubbing the match 
on some surface. The first phosphorus was prepared from 
animal bones. Phosphorus compounds are necessary ferti¬ 
lizers for most plants. 

The material of the living cells and tissues of the more 
flexible parts of the body are mostly protein compounds. The 
source of the protein in your own body is from such foods 
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as milk, eggs, lean meat, fish and from some kinds of vege¬ 
tables, such as beans, and peas, and parts of the grains. 

Small amounts of minerals also are found inside the cells 
of the body and in the blood stream. Some of these are iron, 
iodine, magnesium, and sodium. These are taken into the 
body in the vegetables which we eat. Common table salt is a 
compound of sodium and chlorine. This is a source of sodium 
for the body. Small amounts of iodine are taken from sea 
foods. It is probable that this is taken up by the sea animals 
from the sea water. 

Our scientists have been able to find out many things about 
the composition of our bodies. This is useful in helping us 
to know the kinds of foods to eat for different purposes: 
starches and sugar, and fats for energy to work on; proteins 
for growth and tissue building; calcium-containing foods to 
make bones and teeth; and green vegetables for needed 
minerals. We can also get a better idea of the value of water 
and of the air we breathe. In spite of all this no one knows 
why a combination of chemical elements into some special 
compounds will make a living thing. 

THINGS TO DO 

1. Make a list of ten substances that are solids. Which of 
these can be changed to liquids or gases? Make a list 
of five liquids. Which of these can be changed to solids? 
Can you tell how this can be done for one of the liquids? 
Make a list of five gases. Tell how one of these can be 

. made into a liquid. 

2. Describe the properties that determine whether or not 
a substance is a solid, a liquid, or a gas. 

3. If you will mix some potassium chlorate with a small 
amount of manganese dioxide and then heat the mix¬ 
ture in a hard-glass test tube you can get free oxygen. 
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You have probably done this in your study of the air. 
The oxygen can be collected in a bottle as shown in the 
diagram. Light a splinter of soft wood. Blow out the 
blaze and dip the glowing splinter into a bottle of 
oxygen. What happens? Heat the end of a piece of iron 
wire until it is red hot. Plunge the glowing iron into a 
bottle of oxygen. What happens? 

4. You can prepare the gas, carbon dioxide, by treating 
some bits of broken marble with dilute hydrochloric 
acid. Use a generator like that shown in the diagram. 
Collect some of the gas and test it with limewater. What 
happens? Treat some baking soda with strong vinegar. 
Collect some of the gas. Test the gas with limewater. 
What is the gas? Thrust a burning splinter into a bottle 
of the gas. What happens? 

5. Find some samples of plant fertilizers. What parts of 
these will dissolve in water? How can you prove that 
any part of a sample of fertilizer has dissolved in 
water? 

6. Try dissolving starch in water. How can you tell 

whether or not any 
starch has gone 
into solution in the 
water? Prove your 
point. 

Dissolve sugar in 
water. How can 
you separate the 
dissolved sugar 
from the water? 
Try it. Is a solu¬ 
tion of sugar in 
water liquid 
sugar? What is 
liquid sugar? 



AN APPARATUS SIMILAR TO THIS CAN BE USED FOR 
GENERATING AND COLLECTING OXYGEN. 
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SOME THINGS TO REMEMBER 

1. All substances exist in 
one of three states, as 
solids, liquids, or gases. 

2. Many substances can 
be changed from one 
state to another and still 
remain the same sub¬ 
stances. 

3. Changes in tempera¬ 
ture and pressure are 
important factors in 
changing a substance from one state to another. 

4. Chemical elements are those elementary substances that 
cannot he separated into other simpler substances that 
have definite properties of their own. 

5. There are 92 known chemical elements in the earth. 

6. Elements are composed of very minute particles called 
atoms. Atoms are made of still smaller particles of 
electrical energy called protons and electrons, 

7. A chemical compound is a substance which always con¬ 
sists of exactly the same chemical elements in the same 
proportions. The smallest particle of a compound is 
called a molecule. 

8. A mixture of substances may consist of elements, of 
compounds, or of elements and compounds. A mixture 
may have different substances in different proportions 
at different times and places. 

9. Pure water is a compound. 

10. Water as we find it in nature is usually a mixture. 

11. Air is a mixture. 

12. Most of the common fuels consist of compounds of the 
elements carbon and hydrogen. 

13. When a fuel burns it combines with oxygen to form 
new compounds. The oxygen for burning comes from 
the air. 


O- DilvJte 

^hydrochloric add 





Carbon dioxide 
Dilute 

hydrochloric acid 
Marble chips 

USB AN APPARATUS OF THIS TYPE FOR 
GENERATING CARBON DIOXIDE. 
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14. The foods “burned” in our bodies to produce energy 
and heat are starches, sugars, and fats. These are com¬ 
pounds of carbon, oxygen, and hydrogen. 

15. The foodstuffs of the world are manufactured by the 
green plants. The raw materials are carbon dioxide 
and water. 

16. To be used by the tissues of the body, foods must be in 
solution in water. 

17. The process of digestion changes food compounds into 
compounds that can be dissolved in water. 

18. Mineral foods for plants must be dissolved in water to 
be used by the plants. 

19. The human body consists of compounds of the chemical 
elements found elsewhere on earth. 

20. No one knows just what makes a living substance out of 
chemical compounds. 
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UNIT EIGHT 


How We Use Machines to Do Work 
What This Unit Is About 

Look about you and see how many of the things that 
you do almost every minute of your day are accomplished 
by means of tools or machines. Did you walk to school this 
morning, or did you ride? How many people in your 
science class ride bicycles? How many roller skate? How 
is your food brought to the kitchen door? How are the 
tears in your clothing mended? If your father is a business 
man, how are his letters written? These are just some of 
the things for which we depend upon machines. 

Suppose that you take a pencil and sheet of paper and 
list all of the things you can find about your home that 
you would call machines. How many can you find in 
half an hour? Do not forget such things as door hinges, 
locks, pulleys and cords on windows, such kitchen equip- 
ment as the egg beater and cm opener, the fire tongs, nut¬ 
cracker, food grinder, sewing machine, and the family 
typewriter. 

How many of the things for making labor more efficient 
at home use wheels of one kind or another? What is the 
value of a wheel in each of these machines? 

Of what value are gears in machines? Have you ever 
torn down an old alarm clock. Why are the wheels of 
different sizes? Can you explain why some of the wheels 
run faster than others? Why does the driver need to shift 
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gears in driving an automobile? Can you explain why 
shifting gears seems to change the speed at which a car 
moves? 

Many household machines need to have good care. 
Do you know how to keep the machines at home in good 
order. Often machines need to be oiled. Do you know 
why machines need oiling? How can you find out where 
to oil a machine? 

In what ways are these everyday machines of use to 
you? Can you make a list of advantages which these 
machines have for you. One way to see this is to think 
of your life without the machines which you have in your 
home. Are you more safe or less safe with machines than 
without them? What do you do with the time that can be 
saved by the use of machines? Do machines save your 
family money? Is it possible that you could get along very 
well without some of the machines which you have and so 
save considerable money? Do you have a food mixer in 
the kitchen? Is it worth what it costs? 

In this unit we shall try to understand the machines 
with which we live every day. We shall try to get a better 
notion of how some of them work. We shall try to get a 
better idea of just what each machine or tool can do for 
us. We shall also try to see how we can make our uses of 
machines safer. Perhaps we can get better notions of those 
machines that are of real use and those without which 
we can easily get along. What is the difference between a 
useful tool and a “gadget”? 
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How We Use Machines to Do Work 


UNIT PROBLEMS 

1. How can we do work without tools? 

2. How can simple tools be used to help us in doing 
work? 

3. What is a machine? 

4. How are wheels used in machines? 

5. How can friction in machines be reduced? 

6. What kinds of work can be done with a screw? 

7. How do gears improve machines? 

8. How can we avoid injuries from machines? 

9. What sources of power can he used to drive machines? 

10. Which costs more, man power or machine power? 

1. How can we do work without tools? 

We are so accustomed to doing our daily work with all 
kinds of tools and machines that we seldom ask how we 
could get along with even the simplest tasks if we had no 
such tools or machines. Do you remember watching the 
family dog dig a hole in the ground? Perhaps as a child you 
have made similar holes in a sand pile just with your hands. 
But if you want a larger hole in firmer earth you immedi¬ 
ately say, “I must have a shovel.” Now what does the shovel 
add to the use of the hands? 

If we dig a hole in the earth with a tool harder than the 
earth, we save the skin on our hands. Sharpening the edge 
of the tool so that it goes into the earth more readily makes 
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HAND TOOLS OF ANCIENT TIMES \VERE VERY DIFFERENT FROIA THE MODERN ONES 
IN USE TODAY. 


a better tool for the purpose. A sharp stick or a piece of flat 
stone could be used. Indeed, early men used such tools for 
digging in the earth. If you have an opportunity to visit a 
museum you can see some of these. You should look first at 
the earliest tools, and then, as you go along, examine tool 
improvements as to handle, sharpness, and structure. Shaping 
the digging tool so that more earth can be moved with it at, 
each stroke makes it possible to finish a given amount of 
work in a shorter time. If we add a handle to the tool, we can 
work from a more comfortable position. The handle can also 
be used to give some leverage against the earth to he moved. 

Another common experience that we have all tried with¬ 
out tools is that of lifting or moving a heavy object. With 
hare hands it is often very difficult to grasp or to get hold 
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of the thing to be moved. This is true of a heavy box, such as 
a box of books or a case of canned vegetables. Sometimes if 
we cannot lift a box we can push against an upper edge and 
turn it over. In this way we do not have to lift all of the 
weight of the box at one time. A box does not roll well and 
the bumpy rolling may damage the contents, but a box can 
sometimes be moved in this way. A heavy barrel can often 
be moved more readily than a box of the same weight because 
the barrel can be rolled. 

Another way to move a weight is to drag it. In this process 
we not only work against the resistance of the weight of the 
object but also against the thing we call friction, the resistance 
due to the rubbing of the box on the ground or floor. One 
way to reduce the friction is to cut down the areas of the 



YOU CAN MOVE A HEAVY BOX BY PUSH- FRICTION IN MOVING HEAVY WEIGHTS CAN 
INC AGAINST AN UPPEB EDGE. BE REDUCED BY USING ROLLERS. 


surfaces that rub or drag. This can be done with runners, as 
^with a sled. Often stone boats are used for moving heavy 
stones from fields. A atone boat is a crude, heavy sled. 
Rollers usually work better than runners. Why? Often in 
moving very heavy objects, round poles or rollers are pushed 
under the front edge to reduce the friction in dragging the 
weight. 

Sometimes, if an object cannot be lifted up to where we 
want it, an inclined board can be put from the place where 
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the weight is to be lifted to the ground and our box or bale 
dragged up the slope. You have seen this in gangplanks for 
ships and in loading chutes for trucks. It is supposed that 
the great stones for the Pyramids were raised in place in this 
way; that is, by means of rollers on an inclined plane. 

Arrange for a committee of boys from the class to visit 
a garage in the neighborhood to observe the uses of all of the 
tools used in the garage for lifting heavy weights. Ask the 
boys to make a list of these tools and to make diagrams. Have 
the committee make a report to the class and explain these 
machines with blackboard diagrams, or possibly with demon¬ 
strations of some of them. 

We also do work in moving ourselves from place to place. 
If you now get up out of your chair and stand, you have done 
work in raising the weight 
of your own body out of 
the chair. If you walk across 
the room you do work in 
moving the weight of your 
body across the distance 

■' , RUNNERS SERVE TO REDUCE FRICTION IN 

through which you have qracginc heavy objects. 
walked. 

If two people walk a distance of twenty feet, the person 
weighing the more will have done the more work. If one 
weighs 150 pounds and the other 110 pounds, the person 
weighing 150 pounds does the more work in walking a given 
distance. If two people weighing the same amount, perhaps 
120 pounds, walk different distances, the person walking the 
farther does the more work. For example, suppose these two 
people walk home from school. One lives half a mile from 
school and the other three quarters of a mile. The one living 
three quarters of a mile from school will do the more work 
in walking home. 
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In going up stairs the amount of work that you do is 
determined by the weight of your body and the vertical dis¬ 
tance from floor to floor through which you lift your weight. 
The length of the slope of the stair does not determine the 
amount of work done. If you weigh 100 pounds and the 
distance up from the first to the second floor is 10 feet, the 
amount of work that you do in going upstairs is 10 x 100. 
We call this figure the number of foot-pounds of work done. 
It does not matter if the slope of the stair is 20 or 30 feet 
long. 

Make a chart showing how much work in foot-pounds is 
done by each member of your class in going from the first to 
the second floor in your school. 

It seems easier to go upstairs by means of a stairway than 
to climb up a ladder. It seems easier if the slope of the stair 
is long rather than short. This is because your weight- is 
lifted through a shorter distance at any one moment. Actually 
to get your weight up 10 feet requires approximately the 
same amount of work in any of these cases. 

Here are some simple problems about work. If you carry 
a baby brother who weighs 20 pounds upstairs, how much 
more work do you do than if you went up empty-handed, 
if the second floor is 10 feet above the first? If a housewife 
is 20 pounds overweight, how much extra work does she do 
every time she goes upstairs in a house where the second 
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floor is 12 feet above the first 
floor? A boy who holds the 
record on a track team can 
run 100 yards in ten seconds. 

Does he do more work when 
he runs a race or when he 
takes ten minutes to walk 
leisurely 100 yards down 
the track? Explain your 
answer. 

As soon as we work out 
some scheme to ride, we in¬ 
troduce the use of a machine, 
and determining the amount of work done is not always so 
simple. We can fasten runners to our feet as with ice skates. 
If the surface is smooth, we may be able to glide part of the 
way on our journey. Or we can put wheels on the skates and 
roll along. Perhaps we can arrange our wheels with a seat 
and sit down as we drive our weight along, as with a bicycle. 
In all of these cases we still use the energy developed in our 
own bodies, but we use relatively simple machines to make 
our work seem easier. 

2, How can simple tools be used to help us in doing work? 

Some simple tools can be used to make our work seem 
easier, or to make it possible for us to perform some tasks 
at aU with the amount of energy that we can muster at any 
one time. 

One such simple tool is the lever. In its simplest form this 
can be just a stout pole, or pipe, or a bar. Suppose that it is 
necessary to move a large stone that one person cannot lift. 
If a long stout pole can be found, it may be possible to move 
the stone. One end of the pole must be pushed under the 
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THE MECHANICAL ADVANTAGE OF A SIMPLE MERRT-CO-ROUND WITH EQUAL ARMS IS 1 . 
TOTAL LENGTH OF LEVER 10 FT. WEIGHT 110 LBS. 

LENGTH OF WEIGHT ARM 5 FT. FORCE 110 LBS. 

LENGTH OF FORCE ARM 5 FT. MECHANICAL ADVANTAGE 5 / 5 , OR 1 / 1 , 

OBl 

edge of the stone. A block is then put behind the pole on the 
side away from the stone. The worker pulls down or outward 
on the outer end of the pole. Thus he may be able to lift 
the edge of the stone with his pole. If he wishes to push the 
stone he can push the end of the pole in the ground and push 
against the stone by pulling on the outer end of the pole. 

The point on the pole about which the motion turns is 
the pivot of the machine. Usually we call this the fulcrum 
of a lever. Suppose we call the length of the pole from the end 
against which the weight of the- stone rests to the fulcrum, 
the weight arm of the lever, and the length from the end 
against which we pull or push to the fulcrum, the force arm. 

The secret of the lever is in the difference in the lengths of 
these two arms. If the two arms are the same length there 
is no advantage, and we might just as well push directly 
against our stone with no pole. A child’s simple merry-go- 
roimd with the pivot in the center is a lever with arms of 
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equal length. A simple balance with the pivot in the center 
of the scale beam is also a lever with equal length arms. 

Let us suppose that the pole which we use to move a stone 
is six feet long. Suppose that the distance from the end 
which rests against the stone to the fulcrum is one foot. 
Suppose the length of the force arm from the fulcrum to the 
other end of the pole is five feet. The advantage in this lever 
would, then be five to one. If you are able to push with a force 
of 25 pounds against the end of the pole, you can move a 
weight of 125 pounds at the other end of the pole. 

A common steel bar made to be used as a lever in rough 
work is called a crowbar. Some of these have the lower end 
sharpened to make it easier to get the bar under heavy objects. 
Some such bars have a slight crook near the lower end so 
that the heel of the bar serves as the fulcrum. Smaller bars 


are sold in hardware stores for general household use. These 
are called pinch bars, or wrecking bars. Most of these have 
the bend near the lower end, and a crook at the upper end 
like a shepherd’s crook. This cuiwed end is slotted and can 
be used as a lever for pulling nails. 

It may be very useful in some emergency to remember 
what can be done with a long pole as a lever. In 
a wreck it may be possible to move a heavy 
weight from someone pinned in the wreckage 


25 lbs. 



THE MECHANICAL ADVANTAGE OF A LEVER IS THE RATIO OF THE LENGTH OF THE 


FORCE ARM TO THE LENGTH OF THE WEIGHT ARM. 


TOTAL LENGTH OF LEVER 

6 FT, 

WEIGHT 

125 LBS. 

FORCE ARM 

5 FT. 

FORCE 

25 LBS. 

WEIGHT ARM 

1 FT. 

MECHANICAL ADVANTAGE 

5/1 OB 5 
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with such a tool, or to lift a mired wheel with a pole under the 
hub. Can you name any other uses of a long pole as a lever? 

How many of our simple household tools are levers or 
combinations of levers? The ordinary hammer is often used 
as a lever. When used for pulling nails, the fulcrum is at 
the point where the head touches the wood. The weight arm 
is the claw and the force arm the handle. The simplest 
kitchen can opener is another version of this tool. Any pair 
of shears is an illustration of a pair of levers with the ful¬ 
crum at the pivot in the shears. Note that the handle of the 
shears is longer in proportion to the blade for shears used 
for heavy work, such as the tinner’s shears. Compare these 
with the paper hanger’s shears. Any pair of pliers uses the 
same principle for a different purpose. Look about you and 
see how many common tools use the lever principle. Arrange 
a temporary class exhibit of all of the simple household tools 
which operate as levers. Label each of these and indicate the 
fulcrum, the weight arm, and the force arm of the lever. Begin 
your collection with shears, hammer, can opener, and so on. 

Some of our more complicated machines contain interest¬ 
ing levers. Examine a typewriter from beneath to see how a 
relatively light touch on a key makes a strong blow of the 
type bar. Where is the fulcrum in the lever of the typewriter 









key and type-bar lever? Which is the force arm and which is 
the weight arm? How many such levers are there in a stand¬ 
ard typewriter? Ask the teacher to lift the front from a piano 
and allow you to look at the action. Can you draw a diagram 
of the lever system by means of which a pressure on a piano 
key makes a hammer strike a string in the piano? 

3. What is a machine? 

The scientist says that we do work only when some force 
produces movement through some measurable distance. If a 
small boy pushes very hard against the.side of the school- 
house, he does no work since the building does not move. 
The scientist measures work by the result produced rather 
than by the amount of the effort expended. In the English 
system of measurement, work is measured by foot-pounds. 
This means that if a force of one pound moves a thing 
through a distance of one foot, a foot-pound of work is 
done. We find the amount of work in a particular situation 
by multiplying the force measured in pounds by the distance 
through which the movement takes place in feet. If you will 
remember our stairway problems, a girl weighing 90 pounds 
must exert a force of 90 pounds to raise her own weight one 
foot. If she goes up a stair a distance of 10 feet above the 
first floor she will do 900 foot-pounds of work. 

We define energy as the capacity or ability to do work. 
If we go back to our definition of work, you will see that 
energy is the capacity to produce movement. The coiled 
spring in your watch has energy since it can produce move¬ 
ment in the wheels of the watch. Any one of your friends 
has energy since he can move through a distance, or make 
other things move. Your pet dog has energy; so does the 
running motor in the family automobile. 

Some things that are not moving, but have the power of 
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THINGS THAT CAN PRODUCE MOVEMENT HAVE ENERGY. 


producing movement, are also thought of as having energy. 
A potato has energy, since its starch when digested can fur¬ 
nish energy for movement in a human being. A rock poised 
on the edge of a cliff seems perfectly still. We say that it has 
energy, because it can produce much movement if it is 
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pushed over the edge of the cliff and allowed to fall into the 
chasm below. Gasoline, coal, fuel oil, gunpowder, falling 
water, an electric cell, all have energy since they have the 
capacity to produce movement. 

Make a list of twenty things which have energy. Explain 
the form in which the energy is found in each of these. 

We have learned to make better use of the energy which 
we possess by using machines in doing work. Some of these 
machines we use to multiply the forces of energy which we 
can develop in our own bodies. Such machines are the simple 
lever, a wheelbarrow, a bicycle, a hammer, a block and 
tackle, an automobile jack. In other machines we have learned 
to control the energy stored up in water at some high level, 
in various kinds of fuel such as gasoline or coal, and in the 
reaction of different kinds of chemical substances, as in ex¬ 
plosives. Some machines in which we make use of this 
stored-up energy are steam engines, electric generators and 
motors, and gasoline motors. 

Any device or apparatus used for controlling energy in 
doing work is a machine. The machine may be as simple as 
the lever in a playground seesaw or it may be as complicated 
as the motor in the airplane which soars overhead as we look 
up from the playground. 

4. How are wheels used in machines? 

This seems an absurd question to ask in our present world. 
Look around and see how many of the machines which 
you can find have wheels. Perhaps it would be simpler to 
try to find a machine that does not have a wheel. But there 
have been many generations of primitive men who lived for a 
great many years without ever discovering wheels. It is pos¬ 
sible to get along without a wheel. What have we gained 
by learning to make and use wheels? 
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THIS VEST ANCIENT TOT INDICATES AN EAEIT USE OF WHEELS IN INDIA ABOUT 5000 
TEAnS ACO. 


One advantage in placing a wheel under a load is in re¬ 
ducing what we call friction. Friction is the resistance which 
the surfaces of two objects have to being moved against one 
another. If a surface is rou^, it offers more resistance than 
a smooth or polished surface. Usually a heavy object presses 
on its lower face until it produces more friction against the 
surface below than a light object would. A roller or wheel 
offer's less surface for the drag of friction at any one time, 
A box three feet square offers nine square feet of surface as 
friction against the floor, if someone tries to drag it. If two 
rollers two inches in diameter are placed under this box, 
about how much surface offers resistance at any one time? If 
wheels are mounted under the box, the bearing surface at any 
one time is reduced to the parts of the wheels that touch 
the floor and the parts of the wheels that rest upon the axles. 
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THE RATIO OF THE RADIUS OF 
THE WHEEL TO THE RADIUS OF 


The fact that a wheel rolls or 
turns adds to the advantage gained 
in reducing the bearing surface ex- \\ 

nosed to friction. In turning, the 

r 1 1 I. 1 / [fSilerum .y n^q^Zr-aSS gl 

wheel acts as a lever with the ful- I I 

crum at the center. The length of the 

lever is the radius of the wheel, or \\ 

the distance from the center to the 

rim. The advantage in the leverage the advantage in the leverage 
of a wheel fixed to an axle is the re- of a wheel fixed to an axle is 
lationship of the radius of the wheel 

, , 1 mi . i WHEEL TO THE RADIUS OF 

to the radius of the axle. This rela- ^ 

tionship is expressed as a ratio, R/r. 

R is the radius of the wheel and r is the radius of the axle. 

The advantage of a wheel and axle can be seen in such a 
simple device as a windlass, A windlass is an axle with a rope 
wound about it for raising .weights. A crank or wheel is 
fastened to one end to turn the axle. The weight to be moved 
is fastened to the end of the rope. This device is often used 
for raising earth from excavations that -are dug by hand. 
The advantage in lifting the bucket of earth is the ratio of 
the length of the crank arm to the radius of the axle about 
which the rope is wound. See the figure on this page. The 
crank arm represents the radius of a wheel. The same effect 



,, TT , ^ , A windlass is called a Capstan on 

Windlass - Used to W board ship. Us^ to draw 

THE ADVANTAGE OF A WINDLASS IS THE RATIO OF THE LENGTH OF THE CRANK ARM 
TO THE RADIUS OF THE AXLE ADOUT WHICH THE ROPE IS WOUND. 
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would result from putting-a wheel on the end of the windlass 
axle and putting a handle at some point on the rim of the 
wheel- 

5. How can friction in machines he reduced? 

You know, of course, that often it is necessary to slop 
at a service station to have oil put into the motor of the 
family automobile or, if you ride a bicycle, that it is neces¬ 
sary to keep the wheel bearings oiled. If you use a typewriter 
one of the things you do occasionally is to oil the machine. 
The purpose of the oil in these machines is to make the 
surfaces that work on one another slip more readily. It is to 
make the bearing surfaces smoother. Or, it is to reduce fric¬ 
tion in the machines. 

The part of a machine upon which a moving part bears or 
works is called a bearing. It is in the bearing that friction 
must be overcome. If the part turns with difficulty the effi¬ 
ciency of the machine will be cut down. Machines wear out 
first in the hearings. Keeping the bearing smooth and oiled 
reduces the wear in the machine. Very often a part that turns 
with difficulty produces heat in the bearing. Metal bearings 
expand with heat and sometimes the expansion is enough to 
keep the part from turning. Curiously, the machinist says that 
such a bearing that has stuck from overheating is frozen. 

There are other ways to reduce friction in bearings besides 
using oil to smooth the surfaces. One way is to reduce the size 
of the bearing parts. In some machines the axle of a wheel 
spins in the beajing very much like the spindle of a top. You 
can see this arrangement in some watch' and clock bearings. 
-Another way to reduce friction is to make the bearings of 
some very hard, smooth substance. In fine watches the bear¬ 
ings in which the wheel axles turn are made of hard, polished 
jewels. It is for this reason that you hear the expression a 
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15-jeweled, or 17-jeweled watch. The jewels are the bearings 
for the more important moving parts. Some of the fine fisher¬ 
men’s reels have jeweled bearings. The finest balances for 
weighing chemicals have agate or quartz bearings. 

Examine some machine which you have in your home. 
What means are used to overcome friction in this machine? 
Where should it be oiled? How often? Does the operation 
of the machine depend upon the use of friction at some point 
in it? Where and how? 

In nearly all machines with rapidly moving wheels, the 
inside of the wheel bearing where it turns about the axle is 
lined with a special bearing metal that can be made very 
much smoother than the substance of which the wheel is made. 
Wooden wheels have metal bearings inside the hubs. Often 
the bearings of steel wheels are made of softer metals that 
can be replaced when the bearings become worn. These bear¬ 
ings are usually made of alloys of metals especially designed 
for bearings. If you will examine the lining of an electric 
motor or fan where the axle comes through the motor frame, 


ROLLER AND BALL BEARINGS CUT DOWN tHE BEARING SURFACE AND, THEREFORE, 
LESSEN THE FRICTION. 





EXAMINE THE TREASS ON THE SOLES OF THE SHOES OF A BASKETBALL FLAYEB. 

you will be able to see the bearing lining and probably see 
that it is made of a different metal from that of the frame or 
the axle. 

Many of our machines have especially made bearings in 
which rollers or small steel balls are placed in a ring around 
the axle inside the wheel bearing. These are called either 
roller or hall bearings. They serve to reduce the amount of 
bearing metal that touches at any one moment and give 
space for the circulation of oil about the bearing. Bicycle 
wheels usually have ball bearings. Automobile wheel hubs 
often contain roller bearings. Perhaps you can get an old 
bearing cage containing roller or ball bearings from an auto¬ 
mobile wrecking company. 

Not all friction in machines is undesirable. Much of our 
work, is possible because of friction. In order to walk it is 
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necessary that the soles of our shoes have some friction 
against the floor. If a floor has been waxed too smoothly, 
someone may fall down for lack of enough friction. Auto¬ 
mobiles are driven by means of the friction of the rear 
wheels with the pavement. The treads on the tires have special 
markings and groovings to increase friction with the pave¬ 
ment. When streets are icy, chains are added for increased 
traction. Basketball players wear shoes with heavy rubber 
soles to make more friction with the floor. Can you think of 
other cases where friction is an advantage rather than a dis¬ 
advantage? 

6. What kinds of work can be done with a screw? 

The screw produces the greatest power for the amount of 
force applied to it of any of our simple machines. Illustra¬ 
tions of the use of the screw principle are found in ordinary 
wood screws, all bolts and nuts, the common jackscrew, the 



THE SCREW IS A COMBINATION OP THE INCLINED PLANE AND THE LEVER. 
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automobile jack, the screw-type nutcracker, the “worm” of 
the food chopper, worm gears and machine bolts in cars. 

In reality, a screw is a combination of two of our other 
machines, the inclined plane and the lever, or crank. You 
will remember the advantage of the ordinary stairway, or the 
loading skids for a truck, where the weight is moved along 
the slope for some distance in order to gain a smaller rise in 
lifting the weight up from the level on which it starts. By 
using a relatively small force to move the load along the 
slope the heavy load can bo slowly moved through the upward 
distance which it has to travel. 

In effect, a spiral or winding stairway is a giant screw. In 
any screw, an inclined plane winds around the center. For 
an ordinary screw we say that it is threaded. Sometimes the 
winding inclined plane (between the grooves) is called the 
lands on the screw. In nearly all screws we add at one end a 
lever which turns the, screw. The added advantage due to the 
lever increases with the length of the lever from the center of 
the screw out to the point on the lever where the force is 
applied. In an ordinary wood screw the leverage is increased 
by making a head which is larger than the body of the screw. 
The radius of the handle of the screw driver determines the 
length of the lever. Increased leverage is obtained with a 
common bolt because the force is applied to the nut. In this 
case the advantage is determined by the length of the wrench, 
which serves as the lever or crank to turn the nut. 

Examine a jackscrew of the kind used to raise buildings or 
bridges. How long is the lever used to turn the head? How 
much doe's the top of the screw rise for each complete turn 
of the screw? Would the advantage be increased or reduced if 
the pitch of the screw were changed to make it necessary to 
turn the screw oftener for the same gain in height? Examine 
the worm and crank in any ordinary food chopper. 
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BEARINGS ARE USED IN MANY FAMILIAR MACHINES. A JEWELED WATCH BEARING, A 
BEARING IN AN ELECTRIC MOTOR, AND A SLIDING BEARING IN A TYPEWRITER ARE 
EXAMPLES. WHERE WOULD YOU OIL THESE? 



7. How do gears improve machines? 

Many of our machines that are made up of systems of 
wheels contain gears. Gears are simply toothed wheels so 
arranged that the teeth on one wheel fit into the teeth on 
another wheel so that turning one also turns the other. 

It is possible to turn one wheel from another without put¬ 
ting teeth on either wheel. The wheels can be so placed that 
the faces of the wheels will rub and the friction due to 
pressure of one on the other moves the second wheel. This 
scheme is used in the clutch of some automobiles to make it 
possible to disengage the turning flywheel of the motor 
from the parts which drive the car. In the clutch the heavy 
springs which hold the faces of the wheels together give fric¬ 
tion enough to keep the plates from slipping. When the clutch 
is disengaged, a lever compresses the spring so that the plates 
are held apart. This lets the motor turn without driving the car. 
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IT WILL TURN ROUND 3 TIMES TO MAKE D TURN ONCE. IF POWER IS APPLIED TO B, 
A WILL TURN 3 TIMES FOR EACH REVOLUTION OF B. 

Belts are also used to drive one wheel from another. Two 
kinds of belts are used. A flat belt runs over a flat outer rim 
on the wheel. A round or V-shaped belt runs in a grooved 
rim on the wheel. The friction of the belt on the wheels 
serves to turn the second wheel. If the belt slips there is 
much loss of power between the two wheels. 

With a belt system, if the two wheels are the same size, 
the wheel that is driven turns at the same speed and with 
approximately the same force as the power wheel. The only 
advantage is that by means of the belt it is possible to trans¬ 
mit energy from the machine furnishing the power to another 
machine or to some other part of the same machine. 

In most machines the wheels are not the same size. When 
this is true, the two wheels do not turn at the same speed. If 
the driving wheel is large and the driven wheel is small, the 
small wheel will run at greater speed than the driving wheel. 
If the driving wheel is small and the driven wheel is large, 
the driven wheel will turn more slowly. The difference in the 
speed of the two wheels in either case will be in proportion 
to the ratios of the radii of the two wheels. 

If a driving wheel is twelve inches in diameter and the 
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wheel driven by it is six inches, the ratio of the radii is 
6:3. In this case the small wheel will turn twice for every 
revolution of the big wheel. 

If it is desirable that the machinery run more rapidly as 
compared with the source of the power, the driving wheel is 
made large and the wheel driven by it is made small. You can 
see this by examining a foot-driven sewing machine, or an 
old-fashioned spinning wheel. Turn the drive wheel around 
slowly once. Count the number of times the smaller wheel 
connected to it by the belt turns. 

If we wish to increase the force from the driving wheel, 
this can be done by having it turn several times for each 
revolution of a larger driven wheel. This holds to our prin¬ 
ciple that a force may be moved through a greater distance 
in order to multiply the force used in moving the load through 
a shorter distance. With a wheel-and-belt system this is ac¬ 
complished by making the driving wheel quite small and the 
driven wheel large. In this way the driving wheel turns over 
several times to every turn of the other wheel. The opposite of 
this is true in a bicycle. You can see this by comparing the 
sprocket wheel and the rear wheel of a bicycle. How many 
times does the sprocket wheel have to turn for each complete 
revolution of the rear wheel? If you can examine the power 
unit of a mechanical refrigerator driven by a belt you will 
find the pulley wheel on the motor small and the wheel on the 
compressor quite large by comparison. 

Friction drives and belts often cause trouble in machinery. 
Friction drives often slip. Belts slip and break. A belt system 
takes up much room and it is difficult to fit a system of belt- 
driven wheels into a compact space. Geared wheels work 
better and can be built to fit into a very small space. Note the 
size of our present-day wrist watches. 

The principle of the relationship of geared wheels is the 
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same as that for belt-driven wheels. If two geared wheels are 
the same size, they will turn at the same rate and give ap¬ 
proximately the same power. If the driving wheel is larger it 
will turn more slowly than the small wheel driven by it. If 
the driving wheel is smaller, it will turn more often than the 
larger wheel driven by it and the force will be multiplied. 
The ratio can be found by comparing the radii of the two 
wheels. For gears, the teeth are evenly distributed around the 
circumference of the wheels. The ratio of the two wheels can 
be compared by counting the teeth on the two wheels to be 
compared. If the driving wheel in a gear system has 48 teeth 
and the driven wheel twelve teeth, the ratio of the two is 
48:12. The small wheel will turn four times for each revo¬ 
lution of the driving wheel. 

You can check this with an ordinary ten-cent-store egg 
beater. If it is of the twin-beater type, use the small gear on 
one of the beaters. Make a mark on one of the teeth of the 
large wheel and on the small wheel which turns the beater. 
Count the teeth on each. What is the ratio of the two wheels? 

Turn the crank and count the 
number of times the small 
wheel goes around for each 
turn of the large wheel. How 
does this compare with the 
ratio of the number of teeth 
in the two wheels? If you turn 
the beater instead of the 
crank, how many times do 
you have to turn the beater 
wheel to turn the crank wheel 
around once? What is the in¬ 
crease in force gained by turn¬ 
ing the small wheel? 
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THIS drawing shows THE GEARING 
OF A SIMPLE CLOCK. 



After inspecting the gear systems of some 
simple machines, such as the egg beater, a cheap 
alarm clock, or an inexpensive fisherman’s reel, 
can you tell what the difference in gearing be¬ 
tween the high gear and the low gear in an auto-. 
mobile transmission should be? 

8. How can we avoid injuries from machines? 

As every one knows, large numbers of acci¬ 
dental injuries are caused by our careless use of 
tools and machines. The number of such in¬ 
juries could be very much reduced if we used 
reasonable care in working with tools and 
machines. 

There are simple things that we can do to 
make the use of tools safer. Many of our common 
tools have points, or sharp edges, or are heavy. Many acci¬ 
dents are due to leaving tools where they do not belong. 
Friends, or members of the household, stumble over the mis¬ 
placed tool, come in contact with a sharp point, or have a 
heavy object fall on them. A rule which will prevent many of 
these accidents is to have a place for each tool and machine 
and to put each thing back in its place each time it is used. 

Never leave tools or household machines on a stair. Have 
a place for brooms or other long-handled tools where they 
cannot fall across a passageway. Be sure that the place for 
heavy tools is secure so that they cannot fall on someone 
passing by. Always put knives and other pointed tools away 
with the points down, or pointing away from the person 
who will next pick them up. Knives put into a drawer com¬ 
partment must always' have the handles out. In using a knife 
cut away from you, not towards you, whenever possible. 
Never run with a . pointed tool, such as a pair of scissors, or 
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NUMDER OF 
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EGG beater's 
GEAR WHEELS. 




PROTECTION IN EACH OF THE ILLUSTRATIONS? 

an open knife. Do not leave doors to storage spaces, or 
drawers, open for the passer-by to run into. Turn the handles 
of long-handled cooking utensils, such as a frying pan, so 
that any person passing the stove does not run into a handle 
and so knock off a hot pan. 

Machines with turning wheels, belts, and gears present 
some extra ha 2 ards. This is especially true of power-driven 
machines that cannot be stopped instantly. Fingers are often 
caught in moving wheels, under belts, or in tbe teeth of gears. 
Projecting bits of clothing are often caught in the moving 
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parts of machines. Girls dressed in loose, flowing garments 
with hanging sleeves, loose ties, or belts, should not try to 
operate household machines. 

As far as possible the moving parts of machines should be 
guarded by being covered with shields. All gears should be 
covered or cased and moving belts should be protected by 
guards. Do not buy machines without such protecting covers. 

A few household machines are the cause of many injuries. 
These are electric fans, sewing machines, washing machines, 
and power-driven ironing machines. Vacuum cleaners and 
mechanical refrigerators cause fewer accidents due to moving 
parts because their parts are usually encased. 

Every electric fan should have a guard about its blades. 
Do not buy a fan without such a guard. Fans for use inside 
automobiles where there is little space have flexible rubber 
blades that do little damage. Always stop a fan to make any 
adjustments. Do not try to fix or change the pitch of a fan 
while it is in use. 

Clothes wringers cause many injuries. This is especially 
true of the wringers on power washers. The wringers on these 
washers should have the gears cased. The gears or belt used 
to drive the washer should be cased. The wringer should be 
equipped with a device for instant release of the pressure so 
that in case of accident the pressure can be released at once. 
Examine the provision for such release before buying a new 
washer or wringer. The control of the power, such as the elec¬ 
tric switch, should be placed where it can be instantly shut 
off in case of accident. Always shut off the power and release 
the pressure before trying to make any adjustment with a 
wringer. If clothes jam in a wringer, do not try to straighten 
them out with the machine going. Stop the machine first. 
Fingers are more important than torn clothes. Do not try to 
push things into the wringer with the fingers. Keep your body 
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away from the wringer. Do not wear hanging garments that 
may catch in the machinery while using a washing machine. 

The same safety rules apply to power ironing machines 
that apply to the use of power wringers. Gears and pulleys 
should be cased. The pressure release should be most easily 
available and work instantly. Keep fingers away from the 
point where the roll turns against the shoe. Remember that 
the shoe is hot and that burns, in addition to mashed fingers, 
may result from getting caught. Do not try to straighten 
garments in the ironer without first releasing the pressure. 
Do not work about an ironer with loose hanging garments. 

The belts on sewing machines should he guarded. Keep 
the fingers back from the moving needle. Do not try to adjust 
work that is caught without first stopping the machine and 
releasing the pressure on the “pressure foot.” Adjust attach¬ 
ments only when the machine is not running. 

Recently power machinery for home woodworking and 
metal shops has become very popular with men and boys. 
These are, for the most part, lathes, saws, drills, and polishers 
driven by electric motors. Some of the cheaper ones are not 
provided with adequate guards. Pulleys from the motor to 
the machine should have guards. Moving saws should have 
guards so that fingers cannot be pushed into the saw along 
with the work. Band saws should be covered. Buzz saws 
should be guarded on top and at the back. Always stop any 
of these machines before making an adjustment. Buy good 
machines, even if you can have fewer parts because these 
cost more. See that guards are built into the machine. 

Examine all of the power-driven machines in your home. 
How is each driven? List the possible sources of danger in 
each. Look for uncovered gears, belts without shields, moving 
rollers, and so on. Make a set of recommendations for im¬ 
proving the safety of these machines. 
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9. What sources of power can be used to drive machines? 

As we have seen, our simpler machines are devised to 
help us to multiply our own limited powers, or to help us 
to do work quickly which we could only do in much longer 
time without the aid of machines. In other words, many of 
our machines are operated by man power. In spite of the 
very rapid development of other sources of power, there are 
yet many places in the world where man power is almost the 
only power used to run machines. In our own country in 
recent years many men have been unable to earn a living. 
In attempting to give these men an opportunity to work for a 
living, governmental agencies • have often specified in con- 









tracts for public works that as much as possible of the work 
be done by human labor, thus giving work to more people. 

You can get some picture of the extent to which human 
power is still used if you will try to recall the tools and 
machines which you have seen operated by hand. How much 
work is yet accomplished with the pick, shovel, ax, and wheel¬ 
barrow? Despite modern snow-removal machines. New York 
City may employ 50,000 men to clear its streets after a heavy 
snowfall. 

How many kinds of machines are yet operated by means of 
a hand crank? How many household or kitchen appliances 
have you at home that are operated with a crank? A variation 
of the crank is the machine operated by means of a foot 
treadle. Usually the operator must stand up to run a machine 
with a crank. With a treadle the operator can either stand 
or sit. 

See if you can find a wheel eighteen inches or two feet 
across. Mount this on an axle so that the wheel turns wkh 
the axle. On one end of the axle where it projects beyond the 
wheel mounting, fasten a crank. This crank should be about 
six inches long. (It will work better if it is curved.) On the 
end of the crank fasten a straight bar or stick with a bolt so 
that it can turn freely. To the end of this bar fasten a treadle 
so that it is tilted up from the floor. This can be fastened by 
boring a hole in the bar and in the treadle and tying the two 
together with heavy cord. Try operating the wheel with the 
treadle. Can you get a belt on the wheel and run some other 
machine with it? 

At one time practically all such machines as the following 
were treadle operated: the sewing machine, the spinning 
wheel, the grindstone, the lathe, the band saw, and the den¬ 
tist’s drill. Looms for weaving were also partly operated by 
a treadle and partly by using the hands and arms. Do you 
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THESE TWO TOOT-TREADLG MACHINES WEKE ONCE KAMILIAB IN MANY AMEIUCAN 
HOMES. 

have any treadle-operated machines in your home or neigh¬ 
borhood? What type of machinery has displaced these? 

As you know, domestic animals are used instead of men 
to supply power. Difierent animals are used in different parts 
of the world. Animal power usually can be made much more 
effective if used to move machines with wheels. The most 
familiar use of animals for power is that of pulling or carry¬ 
ing loads. There are machines, however, that are operated by 
animal power. One of these machines is the sweep. In this 
machine a long pole or lever extends out from the top of the 
axle of the machine to be driven. The horse, ox, mule, or 
donkey is hitched to this lever and goes round and round in a 
circle about the machine. Often a smaller pole is extended in 
front of the animal to which a lead rope is tied, so that, once 
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SOUE SOBCHUM MtLLS ARE STILE OPERATED BY HORSEPOWER. CAN YOU EXPLAIN 
HOW THIS MACHINE WORKS? 


started, the animal leads itself around the circle. The driver 
often sits upon the sweep and rides round behind the animal. 
On farms such sweeps are still used to drive com shellers, 
and small mills for grinding grain. In some parts of the 
country, sweep mills are used as sorghum mills for crushing 
the sorghum stalks to get juice for molasses. 

Another old type of animal-driven machine is the tread¬ 
mill. The treadmill consists of an endless track which serves 
as a belt passing around two rollers. The gears to drive the 
machinery are attached to one of the rollers. The animal 
walks over the floor of the mill. Usually this is pitched uphill. 
As the animal walks up, the floor rolls out behind. The rollers 
turn as long as the animal continues to walk. This moving 
floor serves as a belt upon the roller which drives the 

285 





machinery. Usually there is a pen about the floor with a gate 
in the lower end. The pen keeps the animal from jumping off. 
Large treadmills are operated by horses, donkeys, or oxen. 
Small ones are often operated by dogs. The treadmills can 
be used for operating grinding machinery or for pumping 
water. Small dog-operated ti’eadmills were once used for 
running churns and other household machines. 

A great advance was made when some man had the 
imagination to try to use the natural forces of wind and water 
to drive his machines. Probably ships were the first to be 
driven by sails. Then sails were placed about a wheel or axle 
and made to drive machinery. A large wheel is used to drive 
smaller gear wheels. This increases the speed of the driven 
machinery in a sluggish wind. In Europe windmills are often 
used for driving milling and woodworking machinery. In our 
country windmills have been used principally for pumping 
water, although of late small miUs have been used to drive 
electric generators. 

Flowing or falling water can be used to turn a wheel over 
or under which the water flows. The level of the water can 
be raised by means of a dam, thus increasing the pressure. A 
dam also serves to create a reservoir for the storage of water 
in dry times. The water can be released as it is needed for 
power. Water-power wheels are usually large and the gears 
which they turn small to give greater speed to the machinery 
turned by the slowly moving wheel. Many water-power plants 
have been used for turning milling machinery. Such power 
has been used for turning, spinning, and weaving machinery, 
or for driving woodworking tools. There are still many water¬ 
power mills in our country. Now most water-power plants are 
used to drive electric generators and the electric power 
carried to where it is needed by transmission lines. The elec¬ 
tric power is used for an almost endless number of machines. 
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The greatest increase in the use of power-driven machinery 
came when a way was found to turn the heat energy from 
burning fuel into mechanical energy. The first engine for 
doing this on a large scale was the steam engine. In the steam 
engine the heat from burning fuel, such as wood, coal, or oil, 
changes water in a boiler into steam, and the steam into use¬ 
ful mechanical energy. (See pages 323-324.) 

The first practical steam engine was used for pumping 
water out of mine pits. Soon steam power was used in Eng¬ 
land for driving, spinning, and weaving machinery in plants 
manufacturing cloi. Steam engines were soon used to drive 
ships and afterwards to drive locomotives that could pull long 
trains of cars on tracks. Before the use of steam practically 
all ships had been driven by oars pulled by men, or by wind. 
Most loads were pulled by oxen or horses. The use of steam 
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COMPARE AN EARLY STEAM LOCOMOTrYE WITH THE ONE TO THE LEFT. 

made it possible to carry on manufacturing processes at places 
removed from the rivers where there was abundant fuel. 
With the coming of the steam locomotive it became possible 
to move fuel in large quantities to the places where it might 
be needed. Manufacturing then could be carried on in almost 
any place near the source of the raw materials used. 

Up to the time of the wide use of steam engines much 
manufacturing was done by craftsmen at home or in very 
small plants with a very few workmen using hand tools or 
tools driven by man power. For example, shoes were sewed 
and pegged by hand. Women spun the flax fiber and wool 
used for clothing by small hand wheels in their homes. Cloth 
was woven on hand looms, often in homes, sometimes in small 
weaving establishments. Stockings were knit by hand. Travel¬ 
ers went horseback or by stagecoach. 
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10. Wliich costs more, man power or machine power? 

Anyone living in our present world knows that it is pos¬ 
sible to build power-driven machinery that can do the 
work of many men. From the point of view of the man owning 
the machine it would seem to cost less to buy and operate 
such a machine than to depend upon employing many men 
to do the same work. 

We also know that there are many people who are unahle 
to earn a living, because machines have been invented to do 
much of the work which they have been trained to do. For 
these people it would seem that the machine which has been 
used to take away their employment is indeed a costly one. 
The working people who are displaced by power machines 
must live and must have the opportunity to earn a living. 
This opportunity must be provided by our society. In many 




cases the furnishing of a living for unemployed people be¬ 
comes an enormous expense for those that are employed. 
When this is true, there is no question but that the money 
saved in wages by the use of power machinery has to be paid 
back in care of the people thrown out of employment 
because of machines. 

We can see these problems more clearly if we can under¬ 
stand the distinction that the scientist makes between work 
and labor. You will remember our earlier definition of work, 
that work is done when some force movfes through a distance. 
The energy for doing such work might come from a boy, a 
horse, a waterfall, or a steam engine. If there is no movement 
there is no work. A famous illustration of this notion is of a 
team of horses holding a load on a hillside. In the scientist s 
definition the horses are doing no work, but they may be 
laboring considerably. Properly, we speak of a man digging 


A POWER-DMVEN MACHINE CAN DO THE WODK OE MANV MEN. 




a ditch, or carrying a bag of wheat, as working. These men 
are also performing labor when doing such strenuous tasks. 

A man who sits before a machine and pulls a lever to 
make the machine go does very little work. The machine does 
the work. The man may be tired by the end of the day from 
sitting in one positon and continually repeating the same 
motion. We think of his employment as labor. He receives 
wages for what he does, but most of the work is done by 
a power-driven, machine. 

A man digs a ditct with a pick and shovel. At the end of 
the day he has dug the ditch for a distance of fifty feet. 
He has labored tremendously. His work may be worth two 
dollars to an employer. Give this man a ti-actor and ditching 
machine and he can dig half a mile of the same kind of ditch 
in one day. He has produced a much greater quantity of 
work and with leas labor than he would if he had dug fifty 
feet with hand tools. 

At one time we paid people for the amount of labor. One 
man working with hand tools could do nearly the same 
amount of work that another could. Now we tend to think of 
paying for the amount of work actually produced or the 
output. If we can get a much greater amount of work done 
in less time and with less labor it seems much cheaper. 

In the beginning, we built many machines to save our¬ 
selves labor, to make the doing of work easier, for human 
beings. We talk of labor-saving machiries. Now we begin to 
see that if we reduce labor too much, we must find some sane 
means for those thrown out of employment to make a living. 

Our machines make it possible to make things which we 
could not have at all without power and modern tools. We 
can also have these things in much greater quantities. How 
many automobiles a day does one of the big assembly plants 
turn out? How many automobiles a year could Henry Ford 
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build in his original bicycle shop? Do you think recent in¬ 
ventions have helped in building such a large organization? 

We have many things (often at a small price) that our 
grandparents, no matter how wealthy, could not have at all. 
Go into any ten-cent store and look about at the things now 
easily available. Ask your grandmother what a good paring- 
knife cost when she began housekeeping. 

We can also produce many kinds of goods in enormous 
quantities. Farmers can produce great quantities of food¬ 
stuffs. Bakers can make an enormous amount of bread which 
comes to the home ready sliced. Mills turn out millions of 
yards of cloth. In spite of all this some people go hungry 
and are poorly clothed. The farmer’s produce sometimes rots 
on the ground because it cannot be delivered to the people 
who need food at a price that will pay the farmer for pro¬ 
ducing it. We have built machines that give us almost endless 
power to produce things which we need, as well as many 
things which we can get along without. Our modem problem 
is to distribute these things to people and to find some way 
to make it possible for great numbers of people to earn the 
money to buy them. 

Machines make it possible to produce great quantities 
of goods at low cost. But we have not yet learned to adjust 
our machine production to allow everyone to afford the 
benefits of large-scale manufacture of goods. There are many 
people who say that we might be happier if we made fewer 
things, lived more simply, and distributed the opportunity 
' for having these few things more widely. 

THINGS TO DO 

1. Make a collection of pictures of tools used by very early 
people. Post the collection with appropriate labels and 
explanations on the classroom bulletin board. Of what 
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materials were these tools made? What advantage did 
each give the user over working with his bare hands? 
Start a school collection of tools used by early people. 

2. If you can find in your community a plow, shovel, or 
scythe used between the Revolutionary War and the 
Civil War, see if you can arrange an exhibit for the 
class. Compare the amount of work that can be done 
with these tools and that which can be done with tools 
made for the same purposes today. 

3. Is there a spinning wheel in your neighborhood or in 
your city museum? How does it work? How long would 
it take to spin wool enough to make a suit of clothes? 
Linen enough to make a tablecloth? 

4. How are the soles and heels of your shoes made to use 
friction in helping you walk? Explain. 

5. Ask some boy in the class to bring a worn-out alarm 
clock to class. Take the clock out of the case. How many 
gear wheels does the clock have? What is the gear 
ratio between the wheel attached to the spring and the 
next wheel? Is the speed of the next wheel increased or 
decreased by this gearing? Explain. 

6. How many hand-power machines do you have in your 
home? How is each operated? In your opinion would 
there be any real economy in converting these into power 
machines? Take into account the first cost of the power 
machines and the number of times the present hand 
machine is used in a day or week. 

7. List the people that you know who are out of work, 
because of some change in machinery. List the people 
that you know who have taken new positions in the last 
year because of some new development in machinery. 

8. Visit the nearest industrial museum. Some of the larger 
ones are the New York Museum of Commerce and 
Industry, the Franklin Institute in Philadelphia, the 
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Smithsonian Institution in Washington, D. C., and the 
Museum of Science and Industry in Radio City, New 
York. Look for such exhibits at the next State or World’s 
Fair you attend. Report upon the changes that have 
taken place in some machine which interests you. 

9. What manufacturing process, which was at one time 
carried on in your home, is now done outside? Why has 
the change taken place? Does the manufactured article 
cost less than the one made at home? Consider such 
things as foods cooked or canned at home, or garments 
made by the mother in the home. 

SOME THINGS TO REMEMBER 

1. Our present ways of living depend upon tools used in 
doing our work. 

2. Machines make it possible to increase enormously our 
ability to do work- 

3. Work is done when any force is moved through a dis¬ 
tance. 

4. The amount of work done is measured in foot-pounds. 

5. A foot-pound of work is done when a force of one pound 
moves through a distance of one foot. 

6. The advantage of a lever depends upon the ratio of the 
length of the force arm to the length of the weight arm. 

7. The point about which a lever turns is called the fulcrum. 

8. Energy is the capacity to do work. 

9. A machine is any device or apparatus used for con¬ 
trolling energy in doing work. 

10. The simple machines are the lever, the inclined plane, 
the wheel and axle, the pulley, and the screw. 

11. The resistance to movement set up when the surfaces of 
two objects rub together is called friction. 

12. Friction in machines is reduced by special bearing sur¬ 
faces, by roller and ball bearings, and by oil. 

13. Friction is useful in the operation of some machines. 
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Wheels against a road, the belt on a driving wheel, and 
a friction clutch require friction to work successfully. 

14. If two wheels are geared together, the speed of the two 
wheels is in the ratio of the radii of the two wheels. This 
ratio can be found by counting the number of gear teeth 
in the two wheels. 

15. Moving parts of a machine should be covered with 
guards to prevent accidents. 

16. Power for driving machinery may be obtained from man 
power, animal power, wind, moving water, steam, elec¬ 
tricity, or exploding gas. 

17. Power-driven machinery has made it possible to produce 
great quantities of goods at relatively low cost. 

18. Changes in the use of machinery often change the oppor¬ 
tunities of many people to earn a living. 
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UNIT NINE 


How Science Makes Us All Magicians 

What This Unit Is About 

On a bright summer day in our part of the world we 
keep warm without any difficulty. Sometimes we seek pro¬ 
tection from the sun’s rays. But in the wintertime we are 
often uncomfortable even when the sun shines. We put 
on. warm jackets or overcoats. How can a jacket or overcoat 
keep us warm? 

Indoors, heat comes tlirough furnace registers or radi¬ 
ators. How does heat get into and out of a furnace? There 
is a fire in'the furnace. But why does a fire make heat? 

If we ride on a train, we say that heat makes the loco¬ 
motive go. The engine carries a load of coal, or a tank of 
oil. There is a fire in the firebox under the locomotive 
boiler. How can we build a fire under a tank of water and 
make it pull a heavy length of railway cars? 

If you came to school in the family automobile, heat in 
the motor under the hood furnished the power to bring 
you to school. There is a fire in each one of the cylinders 
of the engine as the motor turns. But you cannot see any 
fire, and no one seemed to light a fire in the engine. What 
makes a gasoline engine go? 

A match lighted in the dark makes light as well as heat. 
An electric lamp makes a brilliant light, but it also makes 
some heat. A piece of iron heated in the fire glows in the 
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dark. The sun furnishes us with both heat and light. How 
can we get both heat and light from the same source? If 
we close our eyes we do not see. How are eyes built to see? 

Today in many places light for night work comes from 
electricity. If you want to make toast at the breakfast table, 
you simply push a plug into an electric outlet and the 
wires in a toaster glow with enough heat to toast the bread 
quickly. How can an electric current turn into heat and 
light? 

Many of our common household machines are operated 
by electric motors. These include fans, vacuum sweepers, 
refrigerators, furnace blowers, food mixers, floor polish¬ 
ers, and many other machines. Can you explain how an 
electric motor turns? The motor contains electro-magnets. 
Do you know how to construct an electro-magnet? What 
other machines with which you are familiar use electro¬ 
magnets in their operation? 

These are some of the questions that we shall try to 
answer in this unit. Do you have some others? You might 
look at the problems on the page following this. Then 
take a sheet of paper and make a list of your own ques¬ 
tions that you would like to ask in working with this unit. 
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How Science Makes Us All Magicians 


UNIT PROBLEMS 

1. What makes things burn? 

2. How can we keep warm? 

3. How can we prevent fires? 

4. How are fires extinguished? 

5. How are fires managed in fireplaces, stoves, and 
furnaces? 

6. How can we measure temperature at home? 

7. How is heat carried from place to place? 

8. How can heat make an engine go? 

9. Why do hot things often make light? 

10. How do lamps make light? 

11. What makes the reflection in a mirror? 

12. How do we see? 

13. How does a camera take pictures? 

14. How can we have heat and light from electricity? 

15. How does a switch control electric current? 

16. How can an electric current make a magnet? 

17. What are some machines that use electromagnets? 

Heat and Energy From Burning Fuels 

1. What makes tilings burn? 

If you step into the sun on a warm summer day you 
can feel the heat from the sun. If you go about with face, 
arms, or back exposed to the sun you will get the skin 
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Fla^sh light lens 



A FIRE CAN DE STARTED WITH A 1.ENS 
AKD HEAT FHOM THE SUN’S HAYS. 


scorched. Severe burns some¬ 
times result. If you lay a 
piece of paper in the sun for 
awhile, it becomes warm but 
does not burn. Hold a lens 
like that from a fiashlighi in 
the sim over the paper. You 
can draw enough of the sun's 
rays together in one spot to 
burn a hole in it. Perhaps you can get the paper to blaze. If 
you turn the rays through the lens to a concrete floor, a stone, 
or a piece of iron, these things get warm but do not burn. 

If you pound on a piece of metal with a hammer, the metal 
gets warm but does not burn. If you file a piece of iron, the 
iron gets hot, but does not burn. A rapidly turning drill bor¬ 
ing through a piece of metal gets hot, but does not burn. With 
a piece of steel you can strike sparks from a flint. Neither the 
steel nor the flint appears to burn. If the sparks can be made 
to fall on very light dry pieces of wood, you may be able to 
get a fire. 

Rub your finger quickly 
along a somewhat rough sur¬ 
face. You can feel the heat de¬ 
veloped by the friction. There 
is no fire. You can bum your 
hands this way. Rub a match 
along a surface and the match 
bursts into flame. Apply the 
flame of the match to a wood 
splinter and it will burn. Ap¬ 
ply the match flame to the end 
of a bit of wire. The wire gets 
hot but does not burn. 


FUNT AND STEEL WEES USED IN 
MAKING FinE IN COLONIAL TIMES. 










Bend a small loop in the end of an eight-inch length of 
small-sized wire. Fit a little birthday candle into the loop. 
Find a glass jar with a lid. Either a fruit jar or a pickle jar 
will do. Lower the candle into the jar so that it stands free of 
the sides. Bend the upper end of the wire over the edge of the 
jar. Raise the candle, light it and lower it again. The candle 
will burn brightly in the bottom of the jar. Slip the lid of the 
jar over its mouth. How long does the candle burn after the 
lid is put on? 



WHY DOES THE CANDLE CO OUT WHEN THE LID IS PLACED OVEll THE JAH? 

Three things are necessary for burning. Fii’st, there must 
be some substance or material that will burn. Paper, wood, 
fats, oils, gasoline, and gunpowder will burn. Sand, water, 
asbestos, and clay do not burn. Iron and steel do not burn 
under ordinary conditions. (See page 248 for an experiment 
for burning iron wire.) 

Second, the temperature of the substance must be raised 
to a kindling temperature. The kindling temperature is the 
temperature at which a particular substance will burn. This 
is different for different materials. Pine wood has a rather 
low kindling temperature. That for oak is higher, and for 
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most coal higher still. Paper 
has a low kindling tempera¬ 
ture. The kindling temperature 
for iron is very high. The head 
of a. match, made of phos¬ 
phorus and some other chemi¬ 
cals, has a very low kindling 
temperature. The pine stick of 
the match has a higher kindling 
temperature than the head, but 
lower than most of the sub¬ 
stances which we light with the 
match. 

Third, there must be a supply 
of oxygen for burning to take 
place. This oxygen supply for 
all ordinary burning comes 
from the air. Actually what 
happens in burning is a very 
rapid combination of oxygen 
with other substances to form 
new chemical compounds. 

Run back through the para¬ 
graphs of the last two pages 
and tell in each case of burning 
described, what the burnable 
substance was, how the kindling 
temperature was obtained, and 
how the air got to the burning 
substance? In each case where 
burning did not take place, or 
was stopped, which one of these 
thtee things was not present? 
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AND KEEP rr OUTSIDE IN THIS SUMMER. 

Sometimes other names are given to the process of burning. 
One such name is combustion. We sometimes call a substance 
that will burn a combustible substance. Another term for 
burning is rapid oxidation, the combination of a substance 
with the element oxygen. Often we think of two kinds of 
oxidation, rapid oxidation and slow oxidation. Ordinary 
burning of a fuel is rapid oxidation. The burning of foods in 
our bodies is slow oxidation. The rusting of metals is also 
a process of slow oxidation. A very rapid oxidation such as 
the burning of powder in a gun, or of gasoline vapor in a 
motor, we call an explosion. 

2. How can we keep warm? 

The oxidation or slow burning of fuel foods, such as 
sugars, starches, aiid fats, in our bodies keeps us warm. 
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WOOLEN CLOTHES HELP TO KEEP 
THE BODY HEAT IN. 


Exercise hastens the process. 

You know that you sometimes 
get very hot from running in 
warm weather. 

In cold weather the cold out¬ 
side air carries heat away from 
our bodies so rapidly that we 
get cold in spite of the burning 
of fuels in our inner heating 
systems. If our temperatures 
are lowered too much, we chill 
and die. Sometimes people ac¬ 
tually freeze in cold climates. 

There are several things that 
we can do to keep warm 
when the weather is cold. We 
can eat more foods containing 

the fuels for the Irody. We can exercise. You have read of 
people in the cold who had to keep moving in order to keep 
warm. We can wear clothing that will help to keep the body 
heat in. Warm clothing does not actually add to the heat of 
the body. The clothing simply shuts in the heat produced and 
shuts out the cold air which would carry this heat away 
rapidly. 

Materials through which heat passes rapidly are good con¬ 
ductors of heat. Other naaterials are poor conductors. Very 
poor heat conductors are insulating materials. 

Paper is a poor heat conductor; so is the air. Some kinds 
of cloth are better heat insulators than others. Wool and silk 
are poorer conductors of heat than linen and cotton. There¬ 
fore, silk and woolen garments hold body heat in better than 
linen and cotton. Silk and woolen garments are warmer. 
Loosely woven, cloth is warmer than tightly woven cloth 
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tecause more air is held in the spaces of the loosely woven 
cloth. In a wind the air escapes from loosely, woven cloth. In 
cold windy weather, wear a loosely knit sweater under a 
jacket of heavy tight cloth or of leather. Dark colors absorb 
heat from the sun more readily than light ones. While cloth 
reflects heat from the sun. In winter wear loosely woven 
. woolen or silk garments of darker colors. In summer wear 
cotton or linen garments of light color, or white. 

Make a collection of different kbuls of fabrics used to make 
clothing. Label these to show which are best for keeping warm 
and which for keeping cool. Show on the label ivhy each kind 
of cloth is good for its purpose. 

We might keep warm with plenty of food and the proper 
clothing in severely cold weather. We can he much more 
comfortable if we have a fire to warm the air about us. 

If you go camping you can keep warm by finding a place 






sheltered from cold winds by a bank and building a fire to 
heat the near-by surrounding air and camping in its warmth. 

It is easier to keep warm and lakes less fuel if a fire is 
made inside a house where less of the warmed air escapes 
at once. The first fires for warming liouses were simply made 
on the dirt floor in the middle of tlie one room. A hole in the 
roof let the smoke escape. 

Later fireplaces with chimneys were built. The fireplace 
was not a very economical way to heat a house. Too much of 
the heat went up the chimney. Stoves were an improvement, 
because the rate of burning of the fuel could be better con¬ 
trolled. Most stoves heat comfortably only the room in which 
the stove is kept. Heating a whole house means having a fire 
in several stoves in various rooms. The stove requires that 
the fuel be carried into the rooms where we live and ashes be 
taken out through the living quarters. 


CENTHAL HEATINO PLANTS WBIIE KNOWN IN INDIA 5000 VEADS ACO. 



Many modern homes have central-heating plants. The fire 
is in a furnace, or modified stove, in a furnace room. Often 
the furnace room is in a basement. Warm air circulates 
through the rooms throughout the house. In some heating sys¬ 
tems the fire heats water in a boiler and the hot water or 
steam is piped to the parts of the house to be warmed. We 
can live comfortably in winter in such heated houses without 
bundling up in heavy clothing. 

3. How can we prevent fires? 

We can scarcely think how we could live without fire. Try 
to imagine what it would be like eating raw food, living in an 
unheated home, and doing witliout all of the manufactured 
things which burning fuels make possilile. 

In spite of all this, fire is sometimes a serious menace to 
our lives. A fire can destroy our most cherished possessions 
within a few minutes. 

If we build a fire out of doors great care must be taken to 

build it away from 
materials that will 
burn easily. This 
means such things 
as dry leaves, dead 
wood, dry grass, and 
underbrush. In dry 
weather and on 
windy days fires 
spread very rapidly. 
Always put out a 
carilpfire before leav- 

CARE SHOULD HE TAKEN 
WHEN nUILDINC A CAMPFIRE 
IN THE OPEN. . 


Small sticki leave 



A chunk to raise kindling off the 
ground and let air under 


Fire covered 
with eand or dirt 



310 





CARELESS PICHICXERS SOMETIMES START HRES LIKE THIS, 


ing it. Water can be poured over a fire. If water is not near, 
earth or sand will put out a fire. Why? Smokers cause many 
fires by throwing cigarette stubs on materials that bum easily. 

When we have a fire in a house, we must always take care 
to keep it under control. This means the fire in the stove, 
furnace, cooking stove, fireplace, or lamps, if lamps with 
open flames are used. Do not store rubbish containing paper 
or old clothing near the furnace. Keep cloths off the cook- 
stove. Provide a screen for the fireplace. Do not store gasoline, 
naphtha, or benzine for cleaning garments near any source 
of heat. It is always better to clean garments out of the house 
in the open air. Keep matches in metal containers. Do not look 
into the fuel tank of an automobile with a match. Never start 
a fire with kerosene or gasoline. 

Gather pictures of fire hazards in your neighborhood for 
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iJie school bulletin board. If some members of the class be¬ 
long to a candid camera club, perhaps a collection of actual 
photographs can be taken. 

4. How are fires extinguished? 

After destructive fires start, they are most often put out 
by covering the burning material with something which will 
shut off the air and therefore the oxygen supply. We often 
speak of smothering a fire. 

The commonest material used for putting out fires is water. 
You have often seen water poured on fires, or have seen a 
fire department turn streams of water on a burning building. 
Burning gasoline or oil will float on water and still get air 
enough to burn. For this reason gasoline or oil fires are often 
put out with earth or sand. Remember this if you ever have 
an automobile fire. 

Fire extinguishers smother fires by covering them with 
bubbles or blankets of gases that do not burn. Some fire ex¬ 
tinguishers send out a stream of nonburning gas mixed with 
water. The two most common gases used in fire extinguishers 
are carbon dioxide and carbon tetrachloride. The carbon- 
dioxide extinguisher is usually fairly large and works by 
simply turning it upside down. The carbon-tetrachloride ex¬ 
tinguisher is smaller and is operated by means of a handle 
and plunger at one end. 

Public buildings, such as schools, are as a rule required to 
have fire extinguishers placed at certain points in the halls. 
Some homes also take this precaution now. A type of fire 
extinguisher, which is a round glass bulb filled with some 
nonburning gas, is inconspicuous and, therefore, particularly 
suitable for homes. 

Sometimes a person’s clothing catches fire. If .this should 
happen to you, do not run. Running supplies air to the fire 
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more rapidly and increases the fire. Lie down on a rug and 
roll, or better still roll up in the rug. Any heavy cloth, as a 
blanket or rug, can be used to smother such a fire. Simply 
wrap up the person whose clothing is burning with any heavy 
material that you can reach. 

Some fires can be fought by removing the combustible 
material ahead of the fire. Firemen sometimes cut away a 
part of a wooden building. In case of a large city fire, firemen 
may find it necessary to dynamite several houses in order to 
remove the combustible material ahead. A grass or brush fire 
can often be controlled by cutting back the grass or brush 
ahead of the fire. Sometimes a plow is used to throw up eai-th 
over the dry burnable material. 

5. How are fires managed in fireplaces, stoves, and fur¬ 
naces? 

Nearly everyone needs to build a fire or,to adjust heating 
equipment, at one time or another. It is necessary to remem¬ 
ber some simple things about 
combustion that we have listed 
on page 304. Add to this a little 
bit of information about the 
construction of most heating 
devices and you should be able 
to keep a fire going. 

Let us begin with making a 
campfire in the open. Kindling 
material to start a fire should 
be light, thin, and dry. Water 
does not burn. Fuel saturated 
with water burns very slowly, 
if at all. Thin pieces can be 
raised to a kindling tempera- 
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THESE ARE TWO COMMON KINDS OF 
FIRE EXTINCUISHERS IN USE TODAY. 




THIS DIAGRAM SHOWS THE ARHANCEMENT OF DRAFTS 
AHD DAMPERS IN A STOVE. 


ture with the small 
flame of a match more 
readily than large 
pieces. Pile the kin¬ 
dling loosely so that 
air can get through it. 
If paper is used do 
not use too much, and 
crumple it loosely. Do 
not pile on heavy fuel 
until the kindling is 
burning briskly and 
has developed consid¬ 
erable heat. If sticks are piled crosswise, openings between 
the' sticks are left for the air to come through. 

Build a fire in a fireplace in die same way. The circulation 
of air from the fireplace must go up the chimney, if smoke 
is not to escape into the room. Some fireplaces have a throat 
damper across the chimney just above the fireplace. This is 
often closed in cold weather when there is no fire. Be sure 
that this throat damper is open before lighting the fire. If 
there are ashes in the fireplace, rake these liack so that air can 
get under and through the kindling and wood. 

Stoves and furnaces are all built on very much the same 
plan. A cookstove that burns wood or coal operates like any 
other stove. The firebox for a boiler in a hot-water or steam¬ 
heating system works like a simple stove. 

The first thing to do is to find the openings into the firebox. 
The air which supplies oxygen for rapid burning comes up 
through the'fire from below. The draft for supplying this air 
is an opening near the bottom of the stove or furnace. Often 
this is an opening into the ashpit below the grate. If you can¬ 
not find this draft, the same effect can be had by opening 
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the ashpit door a little. In start- Warmed a ir to roomB CoU^r 
ing a fire the lower draft can 
be left open. This will burn a 
quantity of fuel in a short time. 

If ashes are allowed to choke 
the grate on which the fuel 
rests, little air can get to the 
fire, even with the lower draft 
open. 

Now look for the check 
dampers. The check dampers 
are in the pipe or the connec¬ 
tion upon which the pipe to the 
furnace flue is fastened. These are of two kinds. One is simply 
a door in the smoke pipe. Find this. It should be closed in 
starting the fire. After the fire is burning well, it can be 
opened. It slows down the burning. This damper lets in cold 
air above the fire and tends to check the rapid flow of heated 
air up the chimney. Another type of check damper is simply 
a disk on a pivot which sets across the pipe when closed. This 
checks the flow of air up the chimney. This damper should 
be turned across the smoke pipe to check the fire. 

Some stoves and furnaces also have a damper in the 
firebox door. When this is opened it lets in cold air above the 
fire and serves to slow down the burning. This is opened when 
a steady slow fire is desired. It should be closed when start¬ 
ing a fire. In an emergency the same effect can be had by 

opening the door to the firebox. 

Common oil stoves are of two kinds. One kind operates 
just like an old-fashioned oil lamp. It has a wick which dips 
into a pot of oil. A chimney provides the proper 'flow of air. 
The burning is adjusted by a screw or lever that turns die 
wick up or down. The wickless stove uses an asbestos wick 
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instead of a cloth wick. As a matter of fact, it works like the 
other type of stove except that the wick does not hum nor char. 

The air supply for an oil stove conies in at the bottom 
of the chimney. If you examine such a .stove, or an oil lamp, 
you will find an air space around the base of the chimney. 
This must be clean and open for the .stove to work properly. 
There must also be a space at the top of the chimney between 
the cooking vessel and the end of the chimney. The stove will 
not burn properly, or may smoke, if this is partly closed. 
Stoves have a rack above the chimney which raises the cook¬ 
ing vessel enough to permit the circulation of air and the 
escape of unhurned gases. You can try the effect of closing 
this space by lighting an oil lamp and putting a pan over 
the chimney. Do not leave this on for any length of time. 

The fuel mixture for an oil stove must he right or the stove 
will smoke. In starting the stove, if you turn the wick up too 
high it will give too great an amount of oil and the stove 
will smoke. Wick stoves must have the wicks trimmed and 
cleaned. 

Gas stoves also work on the chimney principle. You can 



Ain CIRCULATES THROUGH THE DURNER AIR MUST HE MIXED WITH THE FUEL IN 
OF AN OIL STOVE. THE CAIIIIURETOR OF A MOTOR. 
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best see this by working with a laboratory Bunsen burner. 
You can see that this consists of a tube fastened to a broad 
base. A movable ring opens and closes holes in the base of 
the chimney. A tube opening into the bottom of the chimney 
connects with the tube which supplies the gas used as fuel. 

Close the ring on the base of the burner. The air supply 
will now come from above the chimney. Turn on the gas and 
light it. The flame will be long and narrow. A dish held in 
this yellow flame will be badly smoked with unburned carbon. 
Shut off the gas. Open the ring at the bottom. Light the gas 
again. The flame is blue and the heat more intense. A dish 
held above the flame is not smoked. You can adjust the open¬ 
ings in the ring to get a very hot, almost invisible blue flame. 
The problem is to get just enough air for the gas used. 

If you will examine a gas stove you will find that there is 
a sleeve around the pipe supplying gas to the burner. This 
sleeve opens into the burner. This is the mixing lube. Air 
comes into it from openings at the edge of the stove and is 
led up into the bottom of the burner. Gas enters the burner 
from the pipe inside the sleeve at the same place where the 
chimney enters the burner. The amount of air can be regu¬ 
lated by turning a little damper which is kept in place by a 
screw. This screw must be loosened to turn the damper. If the 
flame is yellow and pans are sooted, increase the size of the 
opening for letting air into the burner. The principle of 
adjustment is just like that of a Bunsen burner. 

. Gas- and oil-burning furnaces work on the same general 
principle as a simple gas burner. So also does the carburetor 
of an automobile motor. The amount of fuel and the amount 
of air necessary to furnish oxygen for complete combustion 
of the fuel must be found. The adjustments on these devices 
should be made by a trained service man and not by an 
amateur. 
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Stoves or furnaces which use large quantities of oil or gas 
as fuel should l)e piped to a house flue, so that gases go off 
into the upper air and not into the house. The gases from 
burned fuels are often poisonous. 

What kind of heating equipment is used to heat your home 
in the winter? Find out how it works and report to the class. 

6. How can we measure temperature at home? 

We feel hot or cold. Nerve endings in the skin measure 
temperature for us. Our feeling of hot or cold is not a very 
accurate measure of temperature. People differ very much 
in feeling heat. The same person changes from time to time. 
You have seen difficulties arise in trying to please different 
members of a family with the house temperature. One person 
will feet hot when another is comfortably warm, or even 
chilly. 

To measure the intensity of heat or temperature, a ther¬ 
mometer is used. The thermometer depends upon the fact 
that most substances increase in size when they are heated. 
These substances also decrease in size when they lose heat, 
or cool. An iron rod will increase in length when it is heated. 

It will shorten as it cools. Iron 
tires are held on the wooden 
wheels of farm wagons by put¬ 
ting the tires on hot and allow¬ 
ing them to cool. Try the ring 
and ball experiment. Try to 
pass the ball through the ring 
when both are cold. If the ball 
will not go through, heat the 
ring in a Bunsen burner flame. 
Try putting the ball through 

THY THE BING AND BALL EXBEBIMENT. the vlug WhCTl the riUg IS kot. 
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To make a thermometer it is necessary to find a substance 
that will expand enough to be seen, but not so much that the 
scale is unwieldy. A liquid works best for this. In some 
ordinary thermometers alcohol is used in a line tube. The 
bulb on the erid of the tube is just a reservoir to hold the 
liquid. If alcohol is the liquid used, it is colored red or blue, 
in order to'be seen easily. A liquid must be used that will not 
freeze at low temperatures. For more accurate thermom¬ 
eters, mercury is a better liquid to use. The tube is sealed at 
the top so that the thermometer is not affected by the pressure 
of the atmosphere. 

The scale on the thermometer is determined by the boiling 
and freezing points of water at sea level. The height of the 
mercury column in the tube when held in the steam of boiling 
water at sea level is marked. The thermometer is then held 
in a freezing mixture of ice and water. The freezing point is 
now marked. The space between these two fixed points is 
divided into equal divisions to make the rest of the scale. Our 
common thermometers use the Fahrenheit Scale, On this scale 
the boiling point of water is marked at 212° and the freezing 
point at 32°. These are written in abbreviated form as 
212° .F. and 32° F. 

As the mercury in the thermometer tube expands or con¬ 
tracts with changes in temperature, the end of the column 
moves up and down the tube. The temperature can be read 
off the scale marked on the tube or on the mounting of the 
tube. A thermometer hung outdoors will guide you in the 
selection of clothing to be worn according to the outside 
temperature. Inside temperatures should be 68° to 70° F. 
ill the winter. A thermometer will help you to know when to 
regulate the furnace. The normal temperature of a healthy 
human being is about 98.6° F. The physician uses a ther¬ 
mometer to find out if his patients have fever. High temper- 
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atuies show that some illness is present and tliat medieal 
care of some nature is needed by the patient. 

Get an inexpensive thermometer for the home living room. 
Record the temperature at 7 a. m. and 7 p. m. for two weeks. 

7. How is heat carried from place to place? 

For heat to be most useful there must be some way in 
which it can be made to travel frofti one place to another. 
If we are to be warmed by the heat in the stove, there must be 
some way for the heat from the fuel burning in the stove to 
reach us. If a house is heated from a central heating plant 
in the cellar, the heat must be carried to all the rooms in 
the house in order to have a warm home. 

There are three ways by which heat is transmitted. We say 
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heat travels by conduction, by convection currents, and by 
rndiotion. Let us see how these three ways of heat travel work. 

Have you ever noticed that the handle of a spoon left in a 
hot liquid soon becomes hot? If you place a frying pan on 
a stove, heat soon travels out to the handle. If you hold the 
end of an iron rod in the flame of a Bunsen burner, the other 
end soon becomes too hot to hold. The movement of heat 
through a substance is called conduction. Some substances 
are good conductors of heat; others are poor conductors. The 
common metals are good conductors. Air, cork, wood, paper, 
and asbestos are poor conductors. 

If air or water is warmed it expands. As warm air expands 
it becomes lighter than a similar volume of cold air. The 
warm air rises above colder air below. If we heat a quantity 
of air in a room the warmed air rises to the top and the cold 
air falls to the bottom. As the cooler air is warmed, it in 
turn rises. The air which was first warmed cools off and falls 
back toward the floor. In this way currents of air are set up 
in the room. We say that the air circulates. The same thing 
happens with water in a tank, if the bottom of the tank is 
heated. We call these currents of air or water set in motion 
by a source of heat, convection currents. These flowing cur¬ 
rents carry heat from place to place. 

Convection currents can be shown in a beaker of water. 
Sprinkle a bit of sawdust on the surface of the water in the 
beaker. Heat the water gently with a Bunsen burner. You can 
trace the currents by the circulation of the sawdust particles 
in the water. 

The air in a room and the things in it are warmed by 
convection currents. The warm air circulates through the 
room carrying heat with it. Much of the heat from a stove 
gets to other objects in a room by convection currents set 
up in the air of the room. Hot water circulates in a hot- 
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water heating system because convection currents are set up 
in the water in the system by the heat supplied in the boiler. 

In nature, winds move because convection currents are set 
up in the atmosphere by the heat of the sun. Ocean currents 
are large convection currents. 

Heat can also travel through space. This process of travel 
we call radiation. AU of the heat on earth reaches us from 
the sun by this process. The atmosphere about the earth 
ceases to exist a comparatively short distance above the sur¬ 
face of the earth. The heat from the sun must travel a long 
distance through space before it strikes the layer of air 
around the earth. As a matter of fact, the air is a poor con¬ 
ductor of heat and checks the flow of heat from the sun to 
the surface of the earth. If it were not for this insulating 
blanket of air, we should all be burned by radiant heat 
from the sun. 

A hot stove, or a flame, or a red-hot iron, sends out heat 
by radiation. You can check this kind of heat transfer very 
simply. The ordinary electric lamp has had the air exhausted 
from the inside of the glass globe. We call such an empty 
space a vacuum. The filament in the lamp is a very thin 
metal wire. When the electric current is turned on, it is heated 
until it glows with a white heat. This heat passes through the 
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vacuum in the globe to warm the glass. It takes only a few 
minutes for the globe to become too hot for anyone to hold. 

Radiated heat can be reflected much as light is reflected. 
Try placing a thermometer two or three feet away from a 
lighted Bunsen burner. Read the thermometer after five 
minutes. Set up a bright, polished piece of sheet metal in a 
half circle on the side of the burner away from the ther¬ 
mometer. Read the thermometer five minutes after this reflec¬ 
tor is set up. What is tJw difference in the two thermometer 
readings? 

8. How can heat make an engine go? 

Heat engines are possible because many substances in¬ 
crease in size when heated. Sometimes this change takes 
place very suddenly and with enormous force. You can see 
this effect if you will partly fill a rubber balloon with cool air. 
Tie the balloon shut and warm it over a Bunsen burner. Keep 
the balloon far enough above the flame to avoid burning the 
rubber. Does the balloon ex¬ 
pand? It is possible to make 
an engine which operates 
with hot air. 

If water at sea level is 
heated to 212° F. it changes 
into water vapor. The water 
vapor expands to occupy 
much more space than the 
water. This expansion takes 
with great force. You 
can get something of an idea 
of this force with the sim¬ 
ple experiment suggested on 
page 112, 
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In a steam engine the force of the expanding steam is used 
to push a piston through a cylinder. You can observe how this 
works with a bicycle pump or a simple large glass syringe. 
Take the pump apart to examine the piston in the cylinder. 
Put it back. Place some water in an ordinary copper labora¬ 
tory boileri Connect the steam outlet from the boiler to the 
stem at the bottom of the bicycle pump with a piece of rubber 
hose. If the pump has a check valve at the bottom connection, 
remove this valve. Otherwise use the syringe. Heat the water 
in the boiler until the steam begins’to lift the pump handle. 
Remove the flame. What is going on in the pump? 

A steam turbine works by blowing jets of steam against the 
blades of a turning wheel. Get a lid from a tin baking-powder 
can. With a pair of tin shears cut slots from the rim in toward 
the center. Make blades by twisting the pieces a half turn. 
Mount this by running a nail through the center and fasten- 


READY TO BE “BLADEO” IS THE 50*TOM PIECE OP STEEL TO SEIIVR AS THE HUB OF A 
STEAM TURBIME. HUNDREDS OF BLADES WILL BE SET AROUND ITS OUTSIDE. 
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THE OPERATION OF A SIMPLE GAS ENGINE IS SIMILAR TO THAT OF A GUN. 


ing the nail in a convenient support. A clamp on a ring stand 
will probably hold the nail satisfactorily. Arrange a rubber 
tube from the laboratory boiler so that steam can be turned 
against the blades of your wheel. Get up steam in the boiler. 
Turn the steam against the wheel. 

When some substances are burned in an enclosed space 
the rapid expansion of heated gases from the burning causes 
an explosion of great violence. You can burn a little black 
gunpowder in an open pan, and all that takes place is a quick 
harmless puff. The simplest tiny firecracker shows what 
happens when the burning is confined. 

Any gun is truly a heat engine. The powder is burned in 
one end of the shell. The explosion of the confined hot gases 
pushes the bullet out of the tube of the gun. The powder is 
set on fire by a small cap in the base of the shell. The heat 
from the blow of the hammer, or bolt, of the gun is enough 
to set off the material in the cap. This starts the powder. In 
old-fashioned guns the powder was lighted by a burning fuse 
through a hole in the breech of the gun. 

Gasoline engines work on the same principle as the gun. 
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Instead of powder they use a mixture of the gas from gasoline 
and air. The gas from the gasoline furnishes the fuel. The air 
furnishes the oxygen for the hurning. The explosions lake 
place in the cylinders of the engine. In the common gasoline 
engine the gas explodes in the cylinder above the piston. The 
explosion pushes the piston down. The series of explosions 
push down first one piston, then another. The piston rods are 
fastened to a crank shaft which is pushed round by tlie. force 
of the explosions. 

The gas in a gasoline engine is ignited by an electric spark 
which jumps across the points of the spark plugs that fit into 
the head above the cylinders. The spark plugs are connected 
through a coil to the electric battery of the car. 

The gun and the gasoline engine differ from the steam 
engine. In the steam engine the fuel ljurns slowly in the fire¬ 
box. The steam enters the cylinder behind the piston. The 
combustion takes place in the lireljox, or furnace, under the 
boiler. In the gun or the gasoline engine the explosion takes 
place in the cylinder itself. The fuel is burned inside the 
working parts of the engine. For this reason such engines are 
called internal-combustion engines. 

THINGS TO DO 

1. Ask some member of a scout troop to demonstrate fire¬ 
making with the friction of two sticks. 

2. Make a report on the various ways in which people made 
fires before the invention of matches. What principles of 
fire-making are illustrated by each? Can anyone bring 
a flint and steel to show; to the class? 

3. Read what you can about the making of matches. Report 
on the making of matches for the class. 

4. Ask the teacher to supply the class with a physician’s 
thermometer. Check your own temperature and learn to 
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read the thermometer. A physician’s thermometer should 
be disinfected after each use by dipping it in ethyl 
alcohol. 

5. Try burning a very small amount of gasoline in an open 
pan out of doors on the school ground. Pour water in the 
pan while the gasoline is burning. Try a similar experi¬ 
ment and throw earth on the pan of burning gasoline. 

6. Find out how a cigarette lighter works. Report and demon¬ 
strate for the class. 

7. Ask a member of the local fire department to come to 
your class and make a ten-minute talk on fire-prevention. 

8. You can show the transfer of heat along a metal rod by 
a demonstration. Get the solid part of a cheap, adjustable 
curtain rod. Measure two inches from one end. From 
there on mark six spaces at a distance of an inch apart. 
With a lighted candle place a drop of candle wax on each 
mark. In each drop of wax fix an air-rifle shot. Now sup¬ 
port the rod by the opposite end with a ring-stand clamp. 
Heat the free end. with a Bunsen burner or a candle 
flame. As the heat travels along the rod, the wax melts and 
the shots drop off. 

Light and Electricity to Increase the 
Comfort of Living 

9. Why do hot things often make light? 

We can heat a piece of iron until the heat radiated from it 
is felt a foot or so away. If the iron is heated to a higher 
temperature, it will glow red in the dark. At a still higher 
temperature the iron will be white-hot and give off more light. 
A bed of coals in the fireplace will glow in a dark room. If 
we add. fresh fuel so that the. fire blazes, there will be light 
enough to see about the room. 

A candle flame will make some light in a room. The flame 
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from an oil lamp will make a yellow light and considerably 
more heat than the candle. A gas lamp with a mantle will 
make a whiter light than without a mantle. The flame will 
also be hotter. The filament in an old-type carbon-filament 
electric lamp will make a yellow light. The metal filament 
in an improved electric lamp will glow at white heat and 
make a better light. 

Light and electricity are radiated as energy just as heat is. 
The difference is in the wave lengths. When the temperature 
of a hot substance is increased, the rate of radiation is in¬ 
creased. If the temperature is raised high enough, the sub¬ 
stance will give off light as well as heat. The temperature of 
a hot stove that cannot be seen in the dark is likely to be 
400° to 500° F. A tungsten-filament electi-ic lamp will have a 
filament temperature of about 2900° F. Scientists estimate 
the temperature of the sun at 6000° F. 

Try heating an iron rod in the Bmsen-burner flame until 
it glows. How much light will this make in a dark room? Be 
very careful in handling a hot iron rod. 

10. How do lamps make light? 

Lamps make light by first making heat. If we make a 
lamp burn so that its temperature is very high, it will give 

THIS PICTUHE shows ah EHLARCBMENT of a new type KLECTIUC LAMP FILAMENT. 

THE COIL MUST UE HEATED BEFOIIE IT CLOWS TO MAKE UCHT. 
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lamps we try to get a high tem¬ 
perature and produce a small 
quantity of heat. We keep 
down the. total quantity of heat 
produced by a lamp by using 
a small amount of fuel or 
energy at any one time. 

A candle flame reaches a 
high temperature. The amount 
of heat is small. If ten pounds 
of candle wax were burned at 
once, much more heat would 
be produced. Kerosene is used 
as a fuel for heaters. The kero¬ 
sene is burned fairly rapidly 
to make a quantity of heat. In 
the kerosene lamp the tempera¬ 
ture of the flame is high to pro¬ 
duce light. The amount of fuel 
that is burned at any one time is kept relatively small. 

The electric lamp makes heat to produce light also. The 
filament in the lamp is very small. Its resistance to the cur¬ 
rent flowing through it is great. As a result the tiny wire is 
heated to a very high temperature. A bright light results. The 
wire is kept from being burned up because the air is pumped 
out of the glass globe and the globe sealed. 

11. What makes the reflection in a mirror? 

Light travels in straight lines. Do you remember the joke 
abolit the man that had a gun he could bend to shoot around 
corners? This becomes ridiculous in one way, because it is 
necessary to see around the corner too in order to sight the 
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A FEUSCOPE WITH BINOCULARS MAY 
BE USED TO WATCH SCENES OVER THE 
HEADS OF A CROWD. 



gun. You cannot see around a corner because light travels 
in straight lines. But you can see around a corner -with 
mirrors! I 

A bright polished surface wll reflect light. The rays of 
light travel from the source of the light to the mirror in 
straight lines. The rays of light strike the surface of the 
mirror and are reflected at an angle to its surface. If a mirror 
is set at the proper angle you can see something that is coming 
from behind without turning your head. The rear-view mirror 
of an automobile illustrates this. 

If two mirrors are used, they can be set at such an angle 
that it is actually possible to see around a corner. An instru¬ 
ment for seeing around corners is called a periscope. The 
arrangement of the mirrors and the paths of the light rays 
are shown in the figure on page 343. 

Many people are more interested in their own images in 
mirrors than periscopes. The image in the mirror is produced 
because the light that is reflected from the parts of the object 
seen, is turned back by the surface of the mirror toward the 
eye of the observer. The image will seem to be on a straight 
line drawn from the object itself, at a right angle to the sur¬ 
face of the mirror and as far behind the mirror as the dis¬ 
tance that the object actually is in front of the miiTor. 

12. How do we see? 

To understand how we see, it is first necessary to 
realize that nearly all objects reflect some light. A mirror 
reflects rays of light from its surface. Objects with rougher 
surfaces break up the rays and scatter them in all directions. 
Such scattered light is called diffused light. We see objects by 
means of the light reflected or diffused from their surfaces. 
This is true for all except completely black objects which 
absorb light rather than reflect it. We see black objects by 
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examine carefully the diagrammed the lens of the eye is. shaped like 

CROSS SECTION OF AN EYE. A DOUBLE CONVEX LENS. 

means of the light behind and around them which outlines 
their shapes, hut not by any light reflected by them. 

Of course we see with our eyes. A human eye is rounded. 
In front is an opening through which the reflected rays of light 
enter. This opening adjusts the amount of light entering the 
eye. The diaphragm which adjusts the size of the opening is 
the iris. When the light is bright, the opening is small. When 
the light is dim, the opening enlarges. Behind the central 
opening, the pupil, is the lens. The lens is shaped like a double 
convex (converging) lens. It is rounded at the center on both 
sides. Such a lens bends the light rays so that they come to a 
point and cross behind the lens. 

The lens adjusts to objects at different distances from 
the eye by means of muscles which change the shape of the 
lens by flattening it or thickening it. The rays of light are 
drawn together so that a small image of an object in front of 
the eye is thrown on a network of nerves which serves as a 
screen at the back of the eye. This nerve screen is called the 
retina. The sensation of seeing is carried from the retina to 
the brain by the optic nerve which enters the eyeball at the 
back and from below. 

You can better understand the effect of the lens of the eye 
in forming an image on the retina if you will try some simple 
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experiments with a double convex (converging). lens. The 
following experiment will illustrate the principle: Plcice a 
candle on a block of wood to serve as a base. Mount a sheet of 
white cardboard in a groove cut in another block of wood so 
that the card stands on edge. Set the lighted candle and the 
cardboard screen on a table two or three feet apart. Hold the 
lens between the candle and the screen. Adjust the distances 
until you get an image of the candle flame on the cardboard 
screen. Try changing distances. Does the size of the image 
change? The lens of the eye has the same effect as your double 
convex lens in forming an image on a screen behind it. Your 
candle image will be upside down on the screen as the light 
rays cross between the lens and the screen. This is true for 
the image on the retina of the eye also. 



13. How does a camera take pictures? 

A camera works somewhat like the human eye. A camera 
is a black light-tight box with a lens in an opening in front. 
In front of the lens is a shutter that can be quickly opened 
and closed. The opening in the center of the shutter can be 
adjusted to the amount of light. In this way it corresponds 
to the iris of the eye. At the back of the box is a light-sensitive 
plate or film. The camera is 'adjusted in its distance from the 
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object to be photographed so that an image is formed on the 
film when the shutter is opened. Cameras with bellows can be 
adjusted without moving the whole camera back and forth. 

The film is coated with an emulsion in which there is a 
silver salt that is very sensitive to light. The light affects the 
silver salt in varying degrees, depending upon the amount of 
light reflected from the object that is photographed. After the 
film is exposed, it must be treated with other chemicals to 
fix the image on the film. This treatment must be done in a 
dark room with a special ruby light. If the film is exposed 
to the light before it is treated, the whole film becomes black 
and the image does not show. 

Prints can he made from the developed film by placing the 
film over light-sensitive paper, and exposing this to the light 
for a short interval. These prints must also be treated in 
special chemical baths. 

You can understand a camera better if you will get from 
the science storeroom a simple box camera with a back that 
can be removed. Set a lighted candle in front of the lens of 
the camera. Remove the back and see if you can get the 
candle image on a piece of white paper held near the back 
of the camera. Remember that the shutter must be opened 
for light to pass through the lens. Try operating the shutter 
and the adjustment of the opening in it. 

14. How can we have heat and light from electricity? 

The electric current which we use in most homes is pro¬ 
duced in a central station by large generators that are turned 
by steam or water power. 

As with heat, some substances are good conductors of 
electricity and others are poor conductors. The common 
metals, water, the earth, and our own bodies are conductors 
of electricity. Glass, porcelain, rubber, dry silk, dry paper, 
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and dry cotton are poor conductors. The poorest conductors 
are often used as insulators to prevent electricity from being 
carried to some place where it is not wanted. 

Of the metals silver is the best conductor of electricity. 
However, silver is an expensive metal for electric wiring. 
Copper is a very good conductor, and less expensive. The 
wires carrying the current into our homes from the power 
station and the connecting wires in the house are made of 
copper. These wires are wrapped with insulating materials, 
and held away from touching the house materials bv insulators. 


Cotton or silk thread 


Twisted copper wire 
Rubber 



Cotton thread'^ Paper or 

cotton wrapping 


DOTH GOOD AMD POOD CONDUCTORS OF ELEC¬ 


TRICITY ARE USED IN A LAMP CORD. 


Some of the metals which conduct electricity offer more 
resistance to the current than others. A copper wire offers 
less resistance than iron wire of the same length and size. 

The resistance of a wire carrying an electric current is 
something like the resistance of a pipe to the flow of water 
passing through it. The smaller the diameter of the pipe the 
greater its resistance to the water passing through. The longer 
the pipe of a given size, the greater is the total resistance to 
the water passing through it. For wires carrying an electric 
current, a wire of small diameter has greater resistance than 
a larger wire of the same kind. A long wire has a greater 
resistance than a short one of the same diameter and metal. 

When an electric current is forced through a wire of high 
resistance, the wire becomes hot. The resistance of the wire 
changes the energy of the electric curi'ent into heat. 
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You can try this very sim¬ 
ply with a common dry cell 
nnd a piece of small-sized 
copper wire. A dry cell is 
another device for produc¬ 
ing small amounts of electric 
current. It consists of a zinc 
can filled with a paste of 
ammonium chloride and cer¬ 
tain other materials packed 
around a carbon rod. The 
chemical action of the am¬ 
monium chloride with the 
zinc sets up an electric current between the zinc and the carbon 
rod. The current is taken off from small brass bolts, one on the 
zinc and one on the carbon rod. The zinc is the negative pole 
of the cell and the carbon is the positive pole. 

Fasten a six-inch piece of bare copper wire of the size 
called magnet wire to the positive pole of a cell. Hold the 
other end of the wire against the negative pole. Be careful 
that you do not burn your fingers. As soon as the wire be¬ 
comes hot, break the connection. Keeping a dry cell con¬ 
nected through a short piece of wire for any great length of 
time ruins the cell. 

A kind of wire called nichrome has high resistance to an 
electric current. If current from the house mains is sent 
through such a wire, it will become red-hot and throw off 
considerable heat. Common electric heating appliances are 
made with nichrome elements. In many appliances the wire 
is curled in long coils. The coiling simply increases the length 
of the element. Remember that a long wire has higher resist¬ 
ance than a short one of the same kind and size. Some 
toasters and electric irons use a flat wire wound zigzag back 
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OF ELECTRIC CURRENT. 





and foilJi about a sheet of mica. 
The zigzagging increases the 
length. The mica is an insulator 
for both heat and electricity. 

You will remember that if 
a heated substance reaches a 
high enough temperature, it 
glows and makes light. In the 
THIS PICTURE SHOWS THE LocATion of elcctric lamp 8 vcry small 

THE HEATING ELEMENT OF AN ELEC- . • J fTL' • 

tungsten wire is used. This wire 

TRIC IRON. 11.1 

has a high resistance to elec¬ 
tricity. The small diameter of the filament increases its 
resistance. The wire is encased in a glass globe which has had 
the air removed. Removing the air keeps oxygen away from 
the small-sized filament so that it does not bum up. As the 
electric current passes through this small wire in the lamp it 
becomes so hot that it glows and produces light. Some kinds 
of electric lamps are filled with nitrogen. Filling the lamp 
with this gas serves the same purpose as exhausting the air 
from the globe. The heated tungsten does not unite with the 
nitrogen. 


15. How does a switch control electric current? 


You know that when you wish to have light to read by 
you push a button, or turn a knob, and the electric lamp 
gives light. What does the button or knob do? The push 
button is a kind of switch. For an electric current to pass 
through a conductor there must be a complete circuit. This 
means there must be a path through the generator and the 
wiring, through the lamp and back to the generator. If this 
path is broken anywhere, there will be no current. A switch 
opens and closes a gap in the circuit. 

Set up a very simple circuit like that in the diagram with 
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a dry cell and a buzzer. If you touch the loose end of the 
wire at A to the post of the buzzer at Y, the buzzer sounds. 
If you remove the wire the circuit is broken and the buzzer 
ceases. Fasten the wire to the post at Y. The buzzer goes all 
the time. Now take a pair of pliers and cut the wire in the 
circuit at any point. What happens? 

Get a simple push button from the storeroom. Take it apart 
to see that when you push on the button you press two metal 
plates together. See how these plates are fastened to the wires 
that run out of the button. Connect the push button in a circuit 
like that in the figure. Connect one side of the button to the 
loose end A. With another small piece of wire connect the 
other side of the button to the post Y. Push on the button. 

Several lamps can be connected to the same circuit if the 
circuit is wired like that in the diagram on page 338. If a 
switch is placed at A, it will turn all of the lamps in the circuit 
on and off. If a switch is placed at B, it will turn lamp 



FOR AN ELECTRIC CURRENT TO PASS THROUGH A CONDUCTOR THERE MUST BE A COM¬ 
PLETE CIRCUIT. THIS MAY BE DEMONSTRATED BY CONNECTING WIRE, A BUZZER AND 
A DRY CELL AS SHOWN 
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number 1 on and off when switch A is closed. This will 
illustrate how lamps in your house circuit can be turned on 
and off in the same circuit. 

If you wish an electric outlet for operating other ap¬ 
pliances, it can be set into the circuit like the one at C. 
Plugging in any appliance closes this part of the circuit 
through the wiring of the appliance. You can try this by 
wiring a dry cell to an ordinary electric outlet like that used 
for house wiring. See the diagram. Cut two feet of ordinary 
electric cord to which a plug is attached. Unwind six inches 
of the free ends of the cord. Remove the insulation from the 
ends and fasten these to the two posts 'of a buzzer. Plug the 
buzzer cord into the outlet connected with the dry cell. 



9 “ 


To generator 
at power station 


Cirouit I 
tkrough i 
appliances'’" 


Honsemtim 


tker appliances 
Cords plug 
in here 


. _ fl.r' Switch for 

lamp 1 


AN ELECTIHC OUTLET FOH OPEHATINC ANV ELECTHIC APPLIANCE CAN BE SET IN THE 


CinCUIT LIKE THE ONE AT C. 


An electric current follows the shortest path to complete 
a circuit. If bare wires become crossed, the current follows 
the shortest path. This crossing at some place in a circuit is 
called a short circuit. Connect your buzzer circuit. Start the 
buzzer. Lay a piece of bare wire or the shank of a screw 
driver across the two posts of the buzzer while the button is 
closed and the buzzer is going. What happens? 

The earth is a good conductor of electricity. If a main wire 
carrying a current is broken and falls to the ground, the cur¬ 
rent becomes shorted to the ground. We say the current is 
grounded. Your own body is a conductor. Do not catch hold 
of broken and hanging wires near a power line. You may 
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form the connecting link be¬ 
tween a power line and the 
ground. Many people have 
been killed or seriously in¬ 
jured by taking hold of a 
“live wire.” 

A short circuit in house wir¬ 
ing sometimes makes consider¬ 
able beat in the wiring. This 
might burn the bouse or burn 
up some valuable appliance. 
For this reason fuses are placed 
in all house circuits near the 
point where the current enters 
the house from the mains. See 
whether you can locate the fuse 
box in your own house. 

A fuse is a plug across which 
there is a short length of a soft 
metal. If the resistance in the 
house line gets too great, either 
through a short circuit or an 
overload of appliances, this 
soft metal melts in two. A fuse 
can be replaced-by simply un¬ 
screwing the old one and screw¬ 
ing in a new one. The main 
switch for the house circuit 
should be thrown off before 
replacing fuses. 

When a fuse burns out the 
trouble should be located and 
remedied. Something else is 





THE FUSE DOX FOR YOUR HOUSE WIR¬ 
ING LOOKS SOMETHING UKE THIS ONE. 
BE SURE TO OPEN THE LARGE SWITCH 
BEFORE TRYING TO REPLACE FUSES. 
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A CURRENT PASSED THROUGH A COIL OF INSU¬ 
LATED WIRE AROUND AN IRON CORE MAKES AN 
ELECTROMAGNET. 


■wrong or otherwise the 
fuse would not burn 
out. 

Do not try to repair 
fuses with a penny in 
the socket. You may 
start a lire if the thing 
that caused the fuse to 
burn is not repaired. 


16. How can an electric current make a magnet? 

A simple magnet is a piece of iron which will attract or 
pick up other bits of iron. Magnets are sometimes found in 
nature. Ancient peoples called them lodestones. 

A compass is a magnet mounted so that it wiU swing 
freely about a pivot. The compass points north toward the 
magnetic north pole of the earth. Usually a compass needle 
is blued on one end and left light on the other. The blued 
end points north and the other end points south. The north 
pole of one magnet will attract the south pole of another. The 
north pole of a magnet will push away the north pole of 
another. This is also true for two south poles. 

Attach a wire to a dry cell. Bring this wire carrying a cur¬ 
rent over a compass needle. Observe that the compass needle 
turns. A wire carrying current behaves like a magnet. 


A magnet can be made by winding a coil of insulated wire 
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Permanent magnet 

Electromc^net'^ 

THE TELEPHONE RECEIVER USES AN ELEC¬ 
TROMAGNET. 


around an iron core and 
then passing a current of 
electricity through the coil 
of wire. As long as the cur¬ 
rent passes through the coil, 
the iron is a magnet. Such 
a magnet is called an elec¬ 
tromagnet. 

You can make an electromagnet by winding several turns 
of insulated magnet wire on an ordinary carriage bolt. Con¬ 
nect this through a switch with a dry cell. Close the switch 
and try picking up small nails with your magnet. Open the 
switch while the nails are clinging to the magnet. What 
happens? 


17. What are some machines that use electromagnets? 

Most electric appliances that move use electromagnets to 
produce the movement. This is true of the doorbell, huzzer, 
and the simple telegraph instrument. Examine these appli¬ 
ances and find the magnets. 


Connect them in circuits 
with switches and see how 
the magnets in each work. 
Could you build a buzzer? 

The telephone receiver 
also uses an electromagnet 
to move the diaphragm 
which, makes the sounds 
which you hear. Get a tele¬ 
phone receiver from the sci¬ 
ence supply room. Unscrew 
the ear piece. Remove the 
thin metal diaphragm. You 



Source qf dedric current 

MOTORS MAKE USE OF ELECTROMAGNETS. 


341 








will see small electromagnets 
just beneath. Replace the dia¬ 
phragm without screwing on 
the ear piece. Connect one 
strand of the receiver cord to 
one pole of a dry cell. Touch 
the tip of the other strand to 
the other pole of the dry cell. 
What happens? Repeat this. 

Motors also use electromag¬ 
nets to make them turn. When 
an electric current is sent 
through a coil of wire sus¬ 
pended between the poles of a 
magnet, the coil will turn. 
Find a large horseshoe magnet. 
Make a coil of several turns 
of insulated magnet wire. Leave 
long ends from the coil. Tie the 
coil at the top with a piece of 
strong, silk thread. Hang the 
coil from a ring stand by a silk 
thread so that the coil hangs be¬ 
tween the poles of the horse¬ 
shoe magnet. Connect one of 
the loose ends of the coil to the 
pole of a dry cell. Touch the 
other loose end to the other 
pole of the cell. Does the coil 
move? Try again. 

The revolving magnet in a 
motor is called the armature. 
Sometimes the armature con- 
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sists of several magnets. 

The fixed magnet is ealled 
the field magnet. In com¬ 
mercial motors both the 
field magnet and the arma¬ 
ture are electromagnets. 

The current gets into 
the coils of the motor 
through brushes of metal 
or carbon which slip on a 
smooth ring connected to 
the ends of the coils. 

Some modern motors are 
built without brushes to avoid radio interference. 

Get from your science storeroom a small motor that can be 
taken apart. Operate it. Examine the parts carefully. See if 
you can make a diagram of the parts and explain how the 
motor works. 

All of the motors used for household appliances, such as 
fans, refrigerators, vacuum cleaners, washing machines, and 
food mixers work on this simple principle. Larger motors are 
used to turn many of the machines used in manufacturing all 
kinds of goods. Trains that are operated by electricity are 
pulled by great motors. 

THINGS TO DO 

1. Break open an electric lamp carefully and examine the 
filament. 

2. Try making a simple periscope by setting mirrors in a 
long box made of strips of wallboard glued together. 

See the diagram above. 

3. Ask someone to bring in an old electric iz'on that is of 
no further use. Open it and examine the filament. 
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4. Make an electromagnet. See if you can make a buzzer 
of your own after examining carefully the school buzzer. 

5. In some of the books in the reading list will be found 
directions for making small motors. Find a set of direc¬ 
tions in one of these books and make a motor. 

6. Make and wire a burglar alarm, using a doorbell for the 
alarm. Make a rough diagram of your wiring plan and 
have it approved by the teacher. 

7. Try making a wet cell by using a strip of zinc and a 
carbon rod set in a glass jar in a strong solution of am¬ 
monium chloride. The carbon can be taken from an old 

. dry cell. Will your cell operate a buzzer? 

UNIT ORGANIZING ACTIVITIES 

1. Make an exhibit of foods which would be recommended 
for people doing hard labor in a cold climate. 

2. Make an exhibit of foods for people working in offices 
in warm weather. 

3. Make a set of rules for safety from fire at home. 

4. Make a set of camping rules for fire prevention. 

5. Examine the arrangement of dampers and checks in the 
home-heating plant. Make a diagram to show their 
location. If the heat comes from an automatic gas or oil 
burner, diagram the air flow through the fire chamber. 

6. Ask some member of a camera club to demonstrate his 
camera for the class. 

7. Set up a lamp circuit with switches using flashlight 
lamps. Power can be taken from a group of flashlight 
cells. Ask the teacher to show you how to connect these. 

SOME THINGS TO REMEMBER 

1. A combustible substance, heat raised to a kindling tem¬ 
perature, and oxygen are all necessary for burning. 

2. The oxygen for burning comes from the air. 

3. Burning, or combustion, is the combining of a substance 
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with oxygen. Another name for the process is oxidation. 

4. Our bodies are warmed by the slow oxidation of food¬ 
stuffs in the body tissues. 

5. Proper clothing keeps the heat of the body from escap¬ 
ing too rapidly and so keeps us warm. 

6. The common metals are good conductors of heat. 

7. Air, paper, wool, silk, cork, and wood are poor con¬ 
ductors of heat. 

8. Fires can be prevented by controlling any one of the 
conditions necessary for burning. 

9. Most fires can be extinguished by keeping air away from 
the fire. 

10. A fire in a person’s clothing can be smothered with a 
blanket, rug, or heavy coat. 

11. Gasoline fires can be extinguished with earth or sand. 

12. Stoves or furnaces have a draft below the grate to per¬ 
mit air to enter through the fire. The check damper is in 
the smoke pipe. It checks the flow of air up the flue. 

13. Air must be mixed with the gas in a gas burner. 

14. Temperature is measured with a thermometer. 

15. The freezing point of water is 32° on the Fahrenheit 
scale. 

16. The boiling point of water is 212° on the Fahrenheit 
scale. 

17. Normal body temperature of a human being is 98.6° F. 

18. Heat can be carried from place to place by conduction 
through a substance, by convection currents in air or 
water, or by radiation. 

19. If the temperature of a heated substance becomes high 
enough it gives off light by radiation. Most substances 
expand with the heating. This expansion takes place with 
great force. 

20. Light travels in straight lines. 

21. We see by the light that is reflected by objects. 

22. Light which- enters the eye is. collected by the lens and 
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the image is focused on the retina, a network of nerves. 

23. A camera takes pictures on the same principle that the 
eye forms images on the retina. 

24. A wire carrying an electric current offers resistance to 
the passage of the current. 

25. If the resistance is high enough, a wire carrying an 
electric current becomes hot. When the heated wire 
reaches a high enough temperature it gives off light. 

26. A coil of wire suspended in the field of a magnet will 
turn when an electric current is sent through the coil. 
This is the principle of the electric motor. 

27. An electromagnet can he made by winding a coil of 
insulated wire around an iron core and then sending an 
electric current through the coil. 

28. There must be a complete circuit for an electric current. 
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UNIT TEN 


Useful Plants and Animals 
What This Unit Is About 

The work of scientists has made it possible to control 
some parts of the world in which we live. We have seen 
that those plants and animals that arc better adapted to 
the conditions of the environment in which they live 
get along better than those plants and animals that are less 
well adapted. This is just as true for human beings. Men 
are widely distributed over large parts of the earth. One 
of the things that makes this possible is the fact that men 
have been able to adapt themselves to a great variety of 
food substances and a great variety of ways of getting 
food. What do Eskimos eat? How do they get food? What 
do African pygmies eat? What do South American Indians 
use for food? How does an apartment-house dweller in 
New York City get his food? Where does it come from? 

One of the reasons that human beings have been able 
to live in a variety of environments is that they have been 
able to think out solutions to problems, to make discov¬ 
eries and inventions. Sometimes we say that where a man 
has been unable to adapt himself to his environment, he 
has changed or adapted the environment to fit his needs. 

For example, in a cold climate instead of depending 
upon growing a heavy coating of hair after many genera¬ 
tions, or hibernating as the bears do, human beings have 
learned to make warm clothing, build shelters, and to heat 
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their homes. That is, human beings have gained enough 
control of things in the world to build , a more suitable 
environment for themselves. 

This attempt at control of our own environment has 
been illustrated by the building of machines, and by the 
use of heat, light, and electricity as sources of energy, or 
as means of making our living more comfortable and at¬ 
tractive. 

Along with the attempts to gain control of the physical 
environment, men have for a long time tried to make use 
of plants and animals for their own purposes. This has 
been done in three ways. First, we have made use of the 
plants and animals as we have found them. We have 
simply used what we could find, as in eating wild fruits, 
fishing in the nearest stream, or hunting game in the 
forests. Secondly, we have tried to keep a supply o,f plants 
and animals ready for any daily use. Finally, we have tried 
to produce changes in some kinds of plants and animals 
to make them more nearly fit our ideas of greater useful¬ 
ness. How different is a Percheron draft horse from the 
wild native ponies of the highlands of Asia? 

In this unit we shall try to understand some of the 
ways in which human beings have gained control of plant 
and animal life and some of the reasons why we have 
sometimes failed to make good use of the plants and ani¬ 
mals about us. 
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Useful Plants and Animals 


UNIT PROBLEMS 

1. Whal are useful plants and animals? 

2. What are domesticated plants and animals? 

3. How have plants and animals been changed under 
domestication? 

4. How are changes in domesticated plants and animals 
produced? 

5. Why do we need to conserve our plant and animal life? 

6. What is being done to prevent the exterminalion of 
wild life? 

Useful Plants and Animals 

1. What are useful plants and animals? 

If you imagine a countiy with undisturbed plants and 
animals in which no human beings have attempted to live, 
you could say that any one plant or animal is just as useful 
as another. Under natural conditi 9 ns, or in a perfectly wild 
country, there is no such thing as a useful plant or animal. 
Any plant, that in its struggle with other plants, can get sun¬ 
shine, air, water, and minerals enough, will live for a time. 
Any animal that can get enough food, some shelter, and can 
escape its enemies, will live for a time. There is no question 
of use, since there are no men to disturb the balance of nature. 

The idea of use applies only when we as human beings 
consider the things that can be turned to oiir own advantage. 
A useful plant is one that can serve as food for human beings, 
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or one from which we can get 
materials for clothing, or that will 
supply materials for homes, or pos¬ 
sibly one that we enjoy for beauty 
of form or color. 

In the same way a useful animal 
is one which can be made to furnish 
meat or milk for human beings, one 
that can be used as a beast of bur¬ 
den, one whose hide can be used 
as clothing, or one that makes an 
interesting pet, companion, or 
guardian. 

You can readily see that useful¬ 
ness depends much upon the cli¬ 
mate and general environment. 

Some plants and animals are useful in one place for some 
people and not at all useful in other places and under different 
conditions. Indeed, plants that are useful in some conditions 
may become nuisances under others. As you have seen in the 
definition of weeds, -page 175, a plant can be useful in one 
field or garden and a weed in another. Sweet violets find a 
place in many gardens and are commonly sold by florists. 
The plants spread rapidly by rootstocks and can easily be¬ 
come a nuisance in a perennial flower garden where other 
plants are preferred during the summer. 

What has just been said of plants is also true of animals. 
Rabbits are hunted as game and their relatives, the domestic 
hares, are kept as food animals. And yet, to many farmers 
the common rabbit is a serious animal pest destroying many 
kinds of farm and garden crops. Rats and mice are con¬ 
tinually destroyed as destructive and disease-carrying ene¬ 
mies of mankind. And yet, the white rat is a useful animal 
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for many kinds of laboratory experiments. In India tamed 
elephants are very useful beasts of burden. Can you imagine 
how useful an elephant might be to you if you had to care 
for one in the back yard and provide the necessary amount of 
fodder? 

When people live under very simple conditions and de¬ 
pend for a living on the things that grow wild, a useful plant 
is one that can be found to produce food or something else 
needed in daily living. Native nuts and fruits make good 
illustrations. In this connection you might think of such things 
as wild strawberries, blueberries, wild currants, plums, black 
walnuts, hickory nuts, hazel nuts, and native pecans. What 
are the wild plants that are still used as sources of food in 
the country about your home? Make a list for the school 
bulletin board. Perhaps you can make a collection for school 
exhibit. 

Perhaps the beat illustration of our dependence upon 
native plants is to be found in the lumber which we use for 
building purposes. Almost all of the world’s supply of lumber 
for all kinds of uses comes from native or wild trees. Just 
within recent times have people begun to plant some trees to 
insure a lumber supply in the future. What native trees are 
used for lumber and furniture in your state? 

The usefulness of native wild animals is well shown by 
the life of the American Indians before the coming of 
Europeans. Much of the food of the Indians came from the 
animals captured in hunting. Nearly all of the clothing of 
many tribes came from the skins of animals. The Plains 
Indians lived in homes (tepees) made of poles and skins. Use¬ 
ful animals to the Indians were deer, buffalo, beaver, turkeys, 
the smaller game birds, and the fishes that could be taken 
from the neighboring streams. What animals hunted by the 
Indians are still to be found wild in the country near your 
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home? Make a list of these for the classroom bulletin board. 

When natural conditions are undisturbed by human beings, 
the living things in any one place adjust themselves to the 
amount of water and sunlight available and to the soil of the 
particular place. Almost any plant produces more seed than 
can grow and live in the place where the parent grew. Most 
animals can in a few years produce more young than can be 
supported in the place where the parents live. This means 



that only a few plants and animals can continue to live in any 
one place. Those that do live adjust themselves to the food 
and water supply, the soil and climatic conditions of the 
place. The plants that can grow make food for a limited 
number of animals. Part of the animals kill some of the others 
for food, so that from year to year only a part of any one 
species of animals live. Scientists speak of the interdepend¬ 
ence of all kinds of living things. The adjustment of different 
kinds of plants and animals to one another and to the environ- 
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ment in any one place is sometimes called the balance of 
nature. Can you name any instance in which the balance of 
nature has been disturbed? 

Sometimes an aquarium with water plants and animals is 
kept going as a balanced aquarium. When such an aquarium 
is nicely balanced, a glass plate can be placed over the top 
and the whole left alone for weeks without adding water. 
Food is provided for the animals by the plants and very small 
creatures in the water. Cai’bon dioxide and oxygen are inter¬ 
changed between the plants and animals. Can you explain 
how? Suggestions for starting an aquarium can be found on 
pages 137-138. 

A terrarium is a similar closed jar in which there is a 
balance of living things. The terrarium uses land plants 
rather than water plants. In this a balance of moisture is kept 
so that water needs to be added only at rare intervals. Can 
you set up such a jar? 

Human, beings, especially civilized human beings, disturb 
the balance of nature. When many plants are taken for human 
food in one place, the balance is disturbed. If more animals 
are killed by men than would naturally be killed, the rela¬ 
tionships of living things are changed. If forest trees are cut 
down for lumber the whole nature of life in the place where 
the forest once stood is changed. You can most easily see 
this by visiting a wooded section of country and then visiting 
a near-by similar section where the trees have all been cut. 

If you will think about the effects upon the life of a region, 
you will see that the draining of swamp lands and the irriga¬ 
tion of dry lands also affect the balance of nature. Can you 
explain how such changes affect the native plants and 
animals? 

In places where there are only a few human beings, and 
these have very simple tools and weapons, the effect of men 
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upon the balance of nature is small. We can almost say that 
the men fit into the natural conditions and become a part of 
them. This is true for many savage tribes living under jungle 
conditions today. It was true of many Indian tribes in our 
country before the time of Columbus. Many Plains Indians 
hunted buffalo. These Indians had no horses or guns before 
the coming of white men. They could kill only a few buffalo 
at any one time. These Indians moved from place to place 
as they could find better hunting. Under such conditions the 
Indians probably had little effect upon wild life. It would 
seem that buffalo could have continued to exist for a very 
long time. 

Human beings are not strong enough to have a great effect 
upon natural conditions until they have learned to use tools 
and inventions of various kinds.. Soon after white hunters 
began to hunt buffalo with guns and horses, the buffalo were 
almost completely destroyed. 

The Indians hunted for the food and hides that they could 
use for themselves. The white hunters hunted for hides to be 
sold on eastern markets. Often the meat was left to decay 
when the animals were killed. With this last kind of hunting 
it did not take long to destroy buffalo much more rapidly 
than they could reproduce. 

2. What are domesticated plants and animals? 

If food must be found from day to day by gathering wild 
grain, nuts, or berries, or by hunting and fishing, the supply 
is none too sure. Most people who depend upon such foods 
move from one place to another as they can find better sup¬ 
plies. Can you imagine going out into a wild country with no 
modern tools and no gun to get your food from whatever 
you can find? 

Before the beginning of our records in history, someone 
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discovered that it would he hetter to plant grain and fruits 
and live in one region. Or someone else discovered that ani¬ 
mals could be tamed and kept in Jierds and so make it un¬ 
necessary to hunt continually. 

When these things happened people began to have fixed 
homes and a surer food supply. The cattle herders continued 
to move with their herds to wherever they could find good 
supplies of grass. The growers of plants settled near their 
fields and built towns. Later some cattle were fed on domesti¬ 
cated grasses and grains and in some places the herdsmen 
settled down in permanent homes too. At an early stage of 
what we call civili 2 ation man learned to raise plants and 
animals and care for them. We call those plants and animals 
that have long been grown especially for human use domesti¬ 
cated plants and animals. 

Today we depend for our ordinary foods almost entirely 
upon the domesticated plants and animals. This is also true 
for much of our clothing and many other things which we use 
daily. Nearly all of our domestic plants and animals came 
from wild ancestors that were selected and grown by our 
early forefathers. A few of those which we now grow have 
been produced by experiments in breeding, and are unlike 
any wild ancestors that we know. 

Make a list of those things you can see about your own 
home ivhich come from plant or animal materials. For 
which of these things do we depend upon wild plants or ani¬ 
mals? Does silk come from a wild or domesticated moth? 
Can you verify your answer? How does your morning news¬ 
paper depend upon plant or animal materials? Is the source 
wild or domestic? 

The grain plants or cereals produce the greatest quantities 
of foods for both men and domestic animals. The cereals are 
grasses. Wheat, rice, and corn are said to have made three 
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great civilizations possible because these grains furnished the 
bulk of the energy-producing food used by the people in three 
distinct parts of the world. Rice has long been the chief food 
eaten by the people in Eastern Asia, China, Japan, and the 
Philippine Islands. Wheat was widely used in western Asia, 
Northern Africa, and Europe long before the birth of the 
United States. Corn was used by the Mayas, Aztecs, Incas, 
Peruvians, and Guatemalans who established early civiliza¬ 
tions on the American continents. Important cultivated 
grasses are wheat, rice, cora, sorghum, sugar cane, oats, rye, 
and barley. The seeds of grasses are starchy with the embryo, 
or young plant, at one end. It is this starch stored in the 
seeds that makes the grasses such important food plants. 

During the years 1936-1937 four of the seven principal 
crops grown in the United States belonged to the grass family. 
Corn was the most valuable farm crop, while hay, including 
hay from other plants than grasses, wheat, and oats were 
given third, fourth, and fifth places respectively. 

Corn is as distinctly a gift of the western world as wheat 
is of the eastern world. There is a large section in our so- 
called Middle West that is called the corn belt. Iowa, Illinois, 
Nebraska, Missouri, Ohio, Minnesota, and Indiana are the 
principal corn-producing states in which more than half of 
the world’s corn is grown. These states have the kind of soil, 
and the rainfall and temperature conditions necessary for 
growing this important crop, as well as farming systems that 
use great quantities of the grain in feeding livestock. 

Most of the corn produced within the United States Is fed 
to livestock to be slaughtered for meat. Nearly half of the 
corn grown in the corn states is fed to hogs, and about one 
fifth is fed to cattle and sheep, while about one fourth of the 
crop is fed to horses, mules, and poulti-y. The remainder is 
used for human food, and for industrial purposes. Many 
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trainloads of corn are used in the manufacture of corn syrups, 
salad oils, and cornstarch. Should our supplies of gasoline 
to be used in automobiles become exhausted, we could manu¬ 
facture fuel alcohol from corn. 

The early settlers in the American colonies brought wheat 
with them. The first wheat grown in the United States was 
planted in Virginia in 1618. Wheat is not a crop of warm, 
humid regions. Most varieties of wheat do better where it is 
somewhat cool and where the rainfall is not too great. For 
this reason the plains of the northwestern United States and 
of Canada east of the Rocky Mountains have become one of 
the greatest wheat-producing regioi\s in the world. Russia, 
Canada, India, and Argentina also produce wheat on a large 
scale. 

Most of the wheat is made into flour to be used as the 
foundation for all of our bakery products. Bran, shorts, and 
middlings, used as stock foods, are by-products of the flour 
mills. 

Rice is a peculiar grass in that it usually reiiuires water 
in large amounts. The typical rice is a lowland rice that 
grows in marshes. Water stands on the fields during much 
of the growing season. A type of rice called upland rice is 
grown on drier fields, much as wheat is. Besides requiring 
such an extraordinary amount of water, lowland rice also 
requires a higher temperature than most of the cultivated 
grasses with the exception of sugar cane. Rice is not grown 
as extensively in the United States as corn, wheat, and oats. 
It is an important crop in Louisiana, Texas, California, and 
Arkansas. It is the most important cultivated grain crop in 
China, India, and Japan. The seeds of this grass ai’e more 
important to Oriental peoples than wheat and corn are to the 
people living in other parts of the world. Can you think of 
• two reasons that prove the last statement true? 
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Oats is another important cereal crop in the United States. 
The states that produce corn also produce most of the coun¬ 
try’s oats. The seeds furnish an important feed for horses 
and are sometimes fed to other kinds of livestock. With the 
use of fewer horses and a greater use of tractors, oats have 
become less important as a farm crop. The oatmeal that is 
widely used on our breakfast tables is made from the grain 
or seeds of the oat plant. Recently a chemical substance, 
called furfural, has been produced from oat bulls. This is 
widely used in making such objects as radio panels, knobs, 
combs, and furniture trim. This may lead to an increased 
growing of oats. 

Hay was valued more highly than wheat or oats in a 
study made of the crops grown on American farms during 
1937 and 1938. Nearly all of the states grow some of the hay 
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crops which may be grasses such as redtop and timothy, or 
legumes such as clover and alfalfa. The entire plant is cut 
and dried for hay, which is a necessary part of the food ration 
of nearly all farm animals with the exception of poultry. 

Get ouiline maps of the continents of the world. On each ‘ 
name the prirtcipal countries and on the map of each coun¬ 
try write the names of the two or three most important grain 
crops grown in the country. If maps are not available make a 
blackboard chart of this information. Use the school encyclo¬ 
pedia or the World Almanac to get facts. 

Sugar cane was the “honey-bearing reed” of India of long 
ago. Alexander the Great and his soldiers are supposed to 
have been the first Europeans to taste sugar. At the present 
time the average annual consumption of sugar in the United 
States is nearly one hundred pounds per person. Other 
plants, such as beets, furnish sugar as well as the sugar cane, 
but cane sugar is widely used. Much of the “cane sugar” sold 
by grocers is really beet sugar. In the picture on the preceding 
page you see a mature plant of the sugar cane. Its similarity 
to other grasses is quite evident. Can you find three ways in 
which sugar cane is like oats, wheat, and corn? 

Sugar cane requires a rich soil and a warm climate with 
abundant rainfall and sunshine. For this reason Java in the 
East, and Cuba in the West are well adapted to the growing 
of the grass that yields so much of the sweet juice that is 
evaporated into sugar. 

Sugar cane is a perennial and lives in some regions for 
many years. In Louisiana and in other regions of the United 
States the plants may live for three or four years. In this 
respect sugar cane is quite different from many of the culti¬ 
vated grasses, which are annuals. 

Among our most widely used fruits are die apple, pear, 
quince, cherry, plum, apricot, peach, and nectarine, and such 
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small fruits as tlie strawberry, blaekberi y, arul raspberry. If 
we examine the blossoms from which these dillerenl fruits 
develop, we find that they are .similar. For this and other 
reasons tliey have been placed in the same family—the rose 
family. Many of you have watched the blo.ssonis oii these 
trees and bushes grow into the fruil.s. 

The apple is one of our most important fruit crops. There 
are many varieties of apples grown from Maine in the north¬ 
eastern part of the United Stales to Washington on the Pacific 
Coast. 

The citrus fruits include several kinds of fruits now in 
common use. Oranges, lemons, grapefruit, limes, and tan¬ 
gerines are citrus fruits that belong to a plant family which 
originated in Asia. 

Garden flowers are grown for their color and beauty of 
form. As with other plants the garden llowers that are alike 
in structure are grouped in the same family. Many beautiful 
flowers as well as valuable fruits Ijeloiig to th(^ rose family. 
The many varieties of roses are among our most prized 
flowers. 

One of the large industries in this and other countries is 
the growing of flowers for the florists’ trade. If possilda, visit 
a nursery or a florist’s shop and note the different kinds of 
flowers found there. Then go home and read some reference 
book which will enable you to classify the different plants 
under the various family names, A seed catalogue may help 
you to identify some of the flowers. 

Honey is one of the most easily digested of the several 
kinds of sugars. Many plants furnish the nectar that the bees 
change into honey. Clovers, buckwheat, basswood, fruit trees, 
and small fruits are valuable honey plants in the eastern 
and northern states. In the Middle West the clovers, alfalfa, 
Spanish needle, and apple blossoms are sources of fine honey. 
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In the Far West sage, wild buckwheat, and orange-blossom 
honey are favorites. Honey may be thought of as a by¬ 
product of the various plants from which the bees secure 
nectar and manufacture it into hoftey. 

The common garden vegetables include plants that are 
grown for their fleshy roots, for succulent (juicy) leaves, for 
edible stems, for their fruits, for seeds, or in the case of the 
cauliflower for an edible flower. 

Plants store food manufactured during favorable growing 
seasons to carry them through unfavorable seasons. Many 
plants store food materials in fruits or in seeds to serve as 
food for the young plants of the next generation. We have 
learned to take advantage of this food storage and take the 
parts of the plant for our own use. By long selection of 
desirable plants and by good care, plants with increased food 
storage have been developed. 

Such plants as beets, carrots, turnips, radishes, and ruta¬ 
bagas are grown for fleshy roots in which starches and sugars 
are stored. A potato, altliough it grows underground, is really 
an enlarged stem. The food material in it is largely starch. 
Lettuce, cabbage, spinach, en¬ 
dive, mustard, and watercress 
are grown for their leaves. 

Squash, pumpkins, tomatoes, 
eggplants, cucumbers, and the 
melons produce edible fruits. 

Peas and beans are eaten for 
their seeds which contain both 
starch and some protein. 

If you will soak some large 
beans overnight you will be 
able to separate the two parts 
and examine the young plants 
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between. The young plant it called the embryo. You will be 
able to see it better with a good hand len.s. Food it stored in 
the two halves of the seed which are forms of leaves. If you 
will sprout bean plants and watch them grow you will see the 
seed leaves, cotyledons, shrink as the young plant grows. 
When we eat beans, we use food material stored to feed a 
young bean plant until it can e.staldish a root system and begin 
its own food manufacture. Cart you find the embryo in a 
grain of corn? Hoto does the corn seed differ from the bean? 

Most of our domestic animals belong to a few classes of 
the animal kingdom. Throughout the world the dog has been 
the most useful of hunting animals. During the centuries that 
men lived by hunting wild animals, the dog was his chief 
helper. The dog, wolf, coyote, and fox l)elong to the .same 
family. The dog has been the only mend)er of this family to 
be tamed or domesticated as man’s friend and helper. At the 
time of the settlement of America by Europeans, Indians 
had tame dogs, hut no horses, cows, sheep, or hogs. 

Cats belong to the family which ahso imdudes llie lion, 
leopard, panther, puma, jaguar, bolnuit, lynx, and tiger. This 
group of related animals is often called the cat family. Cats 
have been domesticated for a long time becaii.se of their use¬ 
ful habit of destroying rats, mice, and otlier pests that destroy 
.food supplies. Since they also destroy songbirds and game¬ 
birds, some people question their usefulness. 

Horses, cattle, pigs, sheep, and goats belong to the Ungu- 
lata, or the hoofed mammals. All of these animals are 
herbivorous; that is, they eat only plant food and are quite 
different from the carnivorous dogs and cats that are meat- 
eating animals. The hoofed mammals include most of the 
domestic or farm animals and are valuable for several rea¬ 
sons: (1) They supply food. (2) They provide clothing 
materials. (3) They furnish power for farm work. (4) They 
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help to maintain the soil’s fertility. (5) They use the food¬ 
stuffs grown on farms and that cannot be sold by the farmer. 

Since the dawn of modern agriculture the hoofed mam¬ 
mals, such as the horse, mule, ox, and water buffalo, have 
been used for their strength in pulling heavy loads. The last 
named, the water buffalo, has been used chiefly in the rice 
fields of the Orient. Oxen are still used as draft animals in 
some parts of Canada, but horses and mules have replaced 
them in most parts of this country. The fact that the power 
of machines is expressed in units of horsepower is proof of 
the widespread use of horses as draft animals. 

Cattle are the most valuable and useful of the different 
kinds of domestic animals raised on present-day farms. Their 
flesh is widely used as food. Their milk, butter, and cheese 
provide healthful and economical foods. Their hides make 
the leather for shoes and a variety of other purposes. 

Goats and sheep are hoofed mammals that are also widely 
useid. Goats furnish milk and cheese in some countries, and 
their hair provides the fibers that are woven into the fabric 
called mohair. Sheep are grown for food, and especially for 
their fleeces, which are the source of our warm, woolen 
clothing. 

Domesticated birds (poultry), which include chickens, 
geese, ducks, and turkeys, belong to several different families. 
They were domesticated because they provide valuable food 
in the form of meat and eggs. 

On the outline maps of the continents find the principal 
countries. On the map of each country write the names of 
the most important domestic animals of the country. If maps 
are not to be had, make a blackboard chart to show this 
information. Find the countries, on the large scale classroom 
maps. Use the school encyclopedia and a recent World 
Almanac for getting information. 
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Plants and animals take on 
an added interest for us when 
we realize that every species 
has developed from some wild 
and untamed ancestor. Many of 
our cultivated jjlants and do¬ 
mesticated animals hear slight 
reseml)lan(;e to tlieir early an¬ 
cestors hecausfi growers and 
breeders have changed them in 
various ways. 

3. How have plants and ani¬ 
mals been changed . under 
domestication? 

You can get an idea of how 
much plants and animals have 
Itecome changed after many 
generations of domestication if 
you compare some of our 
familiar garden plants and farm atiimals with wild forms 
or earlier forms of the same species. 

Most of our commoner domestic plants and animals have 
been introduced into this country from Europe or Asia. A 
typical American plant is the familiar field corn. It is thought 
that our cultivated com had an ancestor similar to the plant 
called teosinte, found growing wild in Mexico and Central 
America. Teosinte has grain which grows in a panicle, or 
head like the sorghums. See illustration. Each grain has its 
own husk. Compare a well-grown ear of field corn with the 
picture of the grain of this primitive corn-like plant. 

Much work has been done with the improvement of corn 
to better adapt it to human uses. Field corn has been bred 
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to increase the size of the ear. At the University of Illinois 
a kind of corn has been developed with a much higher per¬ 
centage of oil in the grain than ordinary corn. This corn is 
much used to produce corn oil for many cooking purposes. 
Most of our varieties of common field corn require a long 
growing season and so do not do well in the northern United 
States and Canada. A special variety of field corn has been 
developed that matures quickly and can be grown farther 
north. This is sometimes called ninety-day corn because of 
its rapid maturing. 

The garden rose also illustrates the changes that have 
taken place under domestication. The common sorts of wild 
roses are usually small and single flowered. Most of them 
bloom in the spring and then rest until the next season. The 
colors of those native to our country are usually in shades of 
pink or white. 

The ancestors of many of our garden roses came from 




by the florists with the wild roses that you know. The hybrid 
tea roses bloom from time to time during tlie summer and 
on into the fall. Most cultivated roses have double flowers. 

If you will get a catalogue from a ivell-known rose grower 
you will be able to examine beautiful illustrations of what 
has been done in changing roses to meet the wishes of flower 
lovers. You should be able to make an interesting bulletin- 
board exhibit of illustrations from such catalogues. 

If you can find a native, wild crab apple bring it to school 
along with some one of the fine, cultivated varieties of apple 
such as the Jonathan, the Delicious, Golden Delicious, or 
Grimes Golden. Can you make a sketch of the wild crab tree 
and a cultivated apple tree to show differences in appear¬ 
ance.^ The cultivated apple has not been developed from our 
native wild crabs but from crab-like apples found in Europe 
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and Asia Can you get a sample of a European crab appk? 
Does the European crab apple differ at all from the American? 

Horses and dogs make interesting comparisons. The an¬ 
cestor of the horse was a five-toed animal, not much larger 
than a dog. It is called the Eohippus. After generations the 
horse giew into something like our present horses. 

The nearest living relative to the ancestor of domesticated 
horses is thought to be the small heavy-set shaggy pony found 
in the cold plains regions of Asia. A herd of these horses has 
been brought to this country and is kept in the Bronx Zoo in 
New York. The ancestors of the wild horses found in the 
western part of the United States were escaped domestic 
horses. The first of these were probably brought in by Spanish 
explorers. As we have said, the American Indians had no 
horses until after the coming of Europeans. 
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Many breeds of horses have been developed for different 
human purposes. You can understand this by comparing 
Shetland ponies, thoroughbred race horses, and such draft 
animals as the Percheron and Clydesdale. The thoroughbred 
has been developed for racing. The original stock came from 
horses brought to Europe from Arabia and mixed with 
European horses. Present-day draft breeds were largely de¬ 
veloped in Europe. These came from stock developed for 
war and used to carry fighting men in heavy armor. Find and 
compare pictures of horses carrying Crusaders in heavy 
armor with pictures of. some of our present draft breeds. 

Domestic dogs illustrate the wide differences that can be 
produced in domestic animals of the same species. As far as 
we know there are no living ancestors of domestic dogs. The 
wild dingo of Australia is much like the tame dog. In our 
countiy, wolves and coyotes are near relatives. Dogs are 
raised for hunting, for herding stock, as watchdogs, for police 
work, and simply as pets. They vary in size from such dogs 
as the toy poodle to the Great Dane and the Saint Bernard. 
Compare the shape of the wolfhound and greyhound with 
that of the spaniel and the dachshund. 

You should be able to make a collection of pictures of 
dogs of different breeds from the advertising pages of maga¬ 
zines. House and garden and sportsmen’s magazines usually 
carry advertising pictures of dogs. Make a bulletin board 
exhibit of the collection. Arrange and label the pictures to 
show the wide range of differences that have been produced in 
dogs. Add a picture of a wolf to show the contrast. 

Changes produced in plants and animals to make them 
better fit our own purposes as human beings are not always 
an advantage to the plant or animal. For example, a culti¬ 
vated apple tree does not compete with grass, weeds, and 
underbrush as well as a wild crab. The wild crab has thorns 
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which keep browsing animals from eating its branches and 
bark. The cultivated tree has no such natural protection. 

How well would some of our breeds of dogs get along 
under wild conditions with no protection, no one to feed them, 
and no shelter? Can you think of a cocker spaniel, or a 
Scottie taking care of himself alone in a forest or out on the 
plains with the coyotes? 

4. How are changes in domesticated plants and animals 
produced? 

We can explain a part of the differences between wild 
and domesticated plants and animals by the care received 
by the domesticated ones. In the wild, a plant must compete 
with many crowding neighbors for water and mineral foods, 
sometimes even for sunshine and air. A well-cultivated plant 
is grown in a favored place and much of the competition of 
other plants removed by thinning and the cutting away of 
weeds. In many cases the cultivated plant is watej-ed in dry 
times. This makes it possible for the cultivated plant to grow 
to the limit that it is capable of reaching. Sometimes you can 
see this effect under natural conditions when you find a par¬ 
ticular plant that has happened to grow by itself under 
particularly favorable circumstances. 

If you can have the opportunity, you may like to try to see 
how fine a plant of some wild kind you can grow. Be sure to 
provide the conditions to which such plants have become 
adapted. Cultivate, fertilize, and water your plant. Can you 
make it grow better than average wild plants? One of the 
small, wild prairie roses, or a native cactus, will make a good 
subject. 

Some kinds of animals also respond to good care. If an 
animal is well fed, protected from severe weather and cli¬ 
matic conditions, and protected from its natural enemies, it 
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THE ROCKY MOUNTAIN SHEEP HAVE FIEECE WHICH RESEMBLES THAT ON SOME OF 
THE nOMESTlC WOOL BREEDS. 

should grow into a fine specimen of its kind. Some animals 
do not seem to thrive when kept penned or caged. These 
animals seem not to respond to the treatment that we are 
accustomed to give domestic animals. 

In many cases good care will produce very fine individual 
specimens of plants or of animals. However, something else 
is needed to produce as great changes as can be found be¬ 
tween some breeds of horses or of dogs. 

One process nearly always used in attempting to get plants 
and animals more nearly to fit our needs is that of selection. 
Sometimes this is called artificial selection as compared to the 
natural selection which goes on all of the time under natural 
conditions. See page 135. 

By selection in plant and animal breeding we mean simply 
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that we select those plants or animals that most nearly repre¬ 
sent what we wish, and use these selected individuals as 
parents of the next generation. 

If you were to go to a basket of apples to get one to 
eat you would p’robably pick up the apple that most appealed 
to you. This might he the largest, or the one of the most 
attractive,color. Now if you proposed to grow apple trees 
from seed you would select what seemed to you to be the 


THB LARGE, WHITE, STHONG-STEMMEtt 
SHASTA DAISIES AIE THE RESULT OF 
CROSSIHG DAISIES FROM THREE CON¬ 
TINENTS. 


most attractive apple that you could find from which to get 
seed. 

If we wish large potatoes we select large potatoes from 
the bin to use as seed potatoes. If we want to grow large ears 
of com, we select seed from large ears, or better, go to the 
field and select a large ear from a large and thrifty plant. If 
we wish to raise race horses, we select relatively lightweight 

running horses as parents. If 
we wish horses to draw heavy 
loads, we look for large 
muscled heavy horses to serve 
as parents. If we want hens that 
will lay many eggs in one year, 
we take eggs, for hatching from 
hens that have high egg laying 
parents and from a cock whose 
mother also has a high record 
for egg laying. 

Luther Burbank was one of 
the famous plant breeders of 
the United States. His method 
of work depended very largely 
upon selecting plants from 
large numbers grown from 
seeds of the same parent. Find 
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the story of one of Burbank’s successful experiments and re¬ 
port it to the class. You may be interested in the Shasta Daisy, 
the Burbank Potato, or the Thornless Cactus. 

In trying to improve living things to suit our own purposes 
we always have to deal with two natural laws. One of these 
we call heredity. The other we speak of as variation. 

By heredity we mean that offspring resemble their parents. 
Sometimes the resemblance is to a grandparent or some other 
ancestor. We expect puppies to look like dogs and not like 
cats. Purebred cocker spaniels will look like spaniels, and not 
like foxhounds. It is heredity that enables us to produce 
breeds of animals and varieties of plants all resembling one 
another. 

By variation we mean that plants or animals of the same 

THIS IS AN EXPEniMENTAL WHEAT FIELD AT THE NORTH DAKOTA EXPERIMENT STA- 
TION. MANY NEW VARIETIES OF PLANTS HAVE BERN DEVELOPED AT THE VARIOUS 
STATE EXPERIMENT STATIONS. 




JERSEY COWS ARE GOOD MILK'PRODUCING ANIMALS. 


species, breed, or variety, differ from one another, No two 
animals of a kind are just exactly alike. Two plants from 
the same parents are different in some ways from one another. 
There are always small differences in living things coming 
from the same parents. 

It is this fact of variation that has. been used in developing 
“new” or “improved” plants. Plants are selected which have 
variations most like the kind of plant that the grower wants. 
These are used as parents of the next generation. 

A recent story will illustrate what can be done with plants 
by selection. The marigold is an easily grown attractive 
annual flower. The plant has a distinct odor that is disagree¬ 
able to many people. Flower growers have been trying to get 
plants without this odor. Obviously it would be common 
sense to grow marigolds from seed coming from plants with 
as little odor as could be found. Thousands of seedlings were 

376 




IIUEF CATTLE ANU DAIKY CATTLE AllE RAISED FOB ENTIHELY DIFFERENT PURPOSES. 


grown and many workers employed to search among them 
for a plant without odor. At last such a plant was found. 
Seeds from this plant have been planted and new generations 
grown until now there is a strain of odorless marigold plants. 
Can you find a description of the odorless marigold in one 
of the new seed catalogues? 

The common beet has considerable sugar. Plant breeders 
sampled the sugar content of beets and grew seed from those 
with the highest amounts of sugar until a strain of beets with 
a very much higher percentage of sugar was established. This 
process of selection has increased enormously the yields from 
fields of beets used as a source of commercial sugar. 

Most plants grown from seed have two parents. All of our 
higher animals have two parents. The children inherit char¬ 
acteristics from the families of both parents. You can see 
that with every new mating the possibility of varied in- 
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heritance is increased. This speeds up at a rapid rate the 
production of differences in the inherited characteristics. 

To keep animals of one breed nearly alike, only parents of 
the same breed are mated. Offspring of ancestors of the same 
breed for many generations are said to be pure bred. 

Some plants have such a mixed ancestry that it is difficult 
to predict what the offspring will be. This is true for garden 
potatoes, cultivated roses, and most of our common domesti¬ 
cated fruits. Some plants can be grown from pieces of a 
parent plant. When this is done the new plants are like the 
one from which the pieces are taken. If seeds were planted, 
the new plants might be like either parent or like any one of 
a great number of ancestors. 

To keep plants alike many of our domesticated ones are 
grown from parts of old plants. Sometimes cuttings, pieces 
of plant stems, are used. These arc planted in sand, water, or 
soil until the pieces have formed roots. Sometimes buds are 
taken from twigs of the parent plant and set under the Ijark 
of a rootstock of some other variety that has been grown from 
seed. Sometimes pieces of one plant are grafted on a plant 
of another variety. 

Potatoes are commonly grown from pieces of old potatoes. 
If'the piece planted has a, bud, or an “eye,” it will usually 
grow a new plant. Geraniums and some roses can be grown 
from cuttings. Most commercial fruit trees and roses have 
been budded or grafted. 

You can try growing some plants from cuttings. Fill a flat 
box with clean sand. Take cuttings of matured stems of 
geranium, coleus, or wandering Jew. Place these cuttings in 
the sand after it has been well watered. Keep the sand moist, 
but not too wet. In a few weeks these cuttings should have 
started roots and be ready to be potted in soil. Often pieces 
of coleus, or ivy can be started in a jar of water. 
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Can you explain how it has been possible to grow seed¬ 
less oranges? How can seedless watermelons be grown? Are 
such melons practical? 

If two plants of the same species but of different varieties 
are mated the offspring are called hybrids. This process of 
forming hybrids further mixes the ancestry of the offspring 
so that greater variation is expected. When these variations 
have been obtained the new varieties are produced by the 
processes of selection which we have described. Hybrid plants 
often do not resemble parents when grown from seed, so that 
it is necessary to grow the new plants from cuttings, buds, 
or grafts. 

Many of our cultivated plums are hybrids. So are great 
numbers of cultivated grapes. 

There are a few animal hybrids. Among animals, a hybrid 
is produced by mating pai-ents of related species. The off¬ 
spring of parents of different breeds are not called hybrids 
among animals. For example, a dog with ancestors of dif¬ 
ferent breeds is known as a mongrel and not a hybrid. 

The most familiar animal hybrid is the mule. The mother 
of a mule is a mare and the father an ass or donkey. Mules 
do not have offspring and further variation is stopped by this 
fact. Other animal hybrids have lieen formed between the 
zebra and the horse, the buffalo and common cattle, the lion 
and the tiger, and the turkey and the hen. 

5. Why do we need to conserve our plant and animal life? 

For years people have been giving attention to the devel¬ 
opment of new types of domestic plants and animals, and 
have failed in many instances to conserve our native plant 
and animal life. There are many examples of the disastrous 
results that follow the needless destruction of native plants 
and animals. 
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TKIS IS A 11. S. FOnEST 
SlinVICE SEAL. 


Many of you liave entered a wooded 
area and have seen signs hearing the 
seal of tlie Forest Service of the United 
States Department of Agriculture that 
read: CAMP FIRES PROHIBITED 
HERE or SHOOTING PROHIBITED. 
These regulations, which are strictly 
enforced, were not made to lessen our 
pleasure and enjoyment while in the 
forests, hut to protect tlie plants and animals of these regions 
so that people may always benefit from them. 

Visitors to many of the National forests will see cattle and 
sheep grazing in the lowlands during the summer months. 
The owners of the livestock pay a small fee for each animal 
that fattens on the wild grasses of the mountain meadows. 
When forest fires occur the grazing grounds of many wild 
and domestic animals are destroyed. 

Water is one of the few things that are essential or neces¬ 
sary for any kind of life. The water derived from the wooded 
hills and valleys has greater value than all bf tlie lumber cut 
from our forests. Growing trees help to hold water and pre- 


YOU CAN IIBLl' PnOTIiCT TOE FORESTS. OF WlUT U.SF. ts A WATCH TOWER? 




vent the washing away of soil. In forested regions, the fallm g 
leaves and pine needles change the topsoil so that it holds 
much more moisture. The rooU of the trees help to bind the 
soil. If the trees are cut away, the rain that falls runs off 
too quickly causing floods in the lower valleys. The porous 
top soils are washed away and much water is wasted that 
could he used. 

Forests are very necessary to help conserve our water- 
supply and preveirt floods in times of heavy rainfall. For their 
water supply ifiany large cities, such as New York City, Los 
Angeles, and San Francisco, depend upon the rains and snows 
that fall on the distant mountains. Much of the agricultural 
West is irrigated Iry water that fell on forested slopes and was 
later piped from rivers or artificial lakes called reservoirs. 

Fire is a great enemy of the forests. The majority of forest 
fires are caused by carelessness. Visitors to forest regions can 
help to prevent serious fires by heeding the suggestions in the 
poster on the opposite page. We can sum up the unhappy 
results of forest fires by comparing the benefits that come 
from green forests as contrasted with the desolation caused 
by forest fires. 


A MnUNTAIN LAKi: IS OFTEN A GOOD SOURCE OF .PURE DRINKING WATER. 




Green Forests 
Yield abundant timber supply 

Decrease lumber prices 

Insure houses for all 
Support industries 

Build up communities 
Make waste land productive 
Protect wild life 
Provide outdoor playgrounds 

Promote a water supply 

Create national wealth 


Forest Fires 
Devastate productive tree 
growth 

Increase cost of wood 
products 

Curtail home building 
Hinder industrial develop¬ 
ment 

Pay no wages or taxes 
Create idle acres 
Kill birds, fish, and game 
Make desolate the beauty 
spots 

Destroy a source of water 
supply 

Desti’oy natural resources 


Does your state have any state and national forest pre¬ 
serves? Get a large scale map of the state and color these in 
on it. Post on the bulletin board. Many of the maps from 
state highway departments show the locations of parks and 
forest preserves within the states. 

Both the prairie region of considerable rainfall in the cen¬ 
tral part of the United States and the great plains region of 
less rainfall between the Missouri River and the Rocky Moun¬ 
tains show the lack of conservation as well as do the forest 
regions. The prairies of the Mississippi Valley region were 
at one time covered with prairie grasses, legumes, and other 
soil-binding plants. When the prairies were plowed and re¬ 
peatedly planted in crops grown in rows, like common field 
corn, much of the upper soil was washed into near-liy streams. 
In some fields repeated planting of corn exhausted the 
minerals needed by growing crops. 
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Great herds of buffalo once roamed over the drier great 
plains region east of the Rocky Mountains. After the buffalo 
were almost completely destroyed these plains were used for 
grazing cattle. Much of the land was overgrazed. Later farm¬ 
ers came in and plowed much of the land, destroying the 
native buffalo grass that had served as a soil binder. In 
recent years periods of drought have occurred and in some 
regions the soil, deprived of its covering of sod, was blown 
long distances. The people who live in the so-called “dust 
bowl” of the Southwest or in the Dakotas will not soon forget 
the dust storms of a few years ago when tons of fertile topsoil 
were blown away. When rains did come, the land was badly 
washed by erosion. It is almost impossible to estimate the 
financial loss to the farmers occasioned by the loss of their 
fertile topsoil. Now the people in many farming sections are 
trying to repair the damage in a small measure by planting 
soil-binding grasses or other crops that keep the soil covered 
to serve the same purpose as the oi'iginal grasses. 

The buffalo which fed on the native grasses were of great 
importance to the Plains Indians. From these animals the 
Indians obtained food, clothing materials, skins for their 
tepees and canoes, and bones that they fashioned into 
weapons. 

The Indians killed for necessity in order to provide them¬ 
selves with food and clothing. In this respect they were more 
civilized than the white men. Until 1869 buffalo were very 
plentiful in the prairie states. In that year the Union Pacific 
Railroad was completed across the plains and hunters 
swarmed into the new territoi*y. Within a few years the herds 
of these large mammals were destroyed, and today just a few 
thousand individuals remain within the safe boundaries of 
some of the National Pai'ks. 

The fate of the passenger pigeon warns us of what may 
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happen to other bird species unless cure is taken to prevent 
their extermination. The passenger pigeons were once com¬ 
mon birds in a large section of the United States. They flew 
in such large numbers that they actually darkened the sky. 
Today there is not a single living representative of tliese 
birds. There are other species of game birds tliat will prob¬ 
ably be preserved because people have awakened to the 
necessity of protecting them through the enforcement of laws 
that were designed to protect them. 

The ruffed grouse and the sharp-tailed grouse are related 
to the race of heath hens, the last survivor of which died in 
1932 at Martha’s Vineyard. The prairie chicken, or pinnated 
grouse, makes its nest in the tall grasses of the prairie. There¬ 
fore many of these birds were driven from their homes when 
the prairie grasses were destroyed. The bird is now found 
as a permanent resident in Nebraska, the Dakotas, Minnesota, 
Michigan, Wisconsin, Illinois, Manitoba, and Saskatchewan, 
The prairie chicken moved when the balance of nature was 

disturbed as it was in Iowa and 
other regions by the removal 
of the tall grasses in which 
it nests. 

Many kinds of waterfowl, 
such as wild swans, ducks, and 
geese, were once much more 
abundant than they are now. 
These birds furnished a large 
part of the food supply of the 
Indians and the pioneers dur¬ 
ing certain seasons of the year. 
They are still seen in large 
numbers along our inland lakes 
and rivers, and it is hoped that 


PRAIRIE CHICKENS ARE GAME OIROS 
THAT ARE FAST DI.SAPPEARINC. 




game laws will prevent their complete extermination. The 
laws usually limit the shooting of these fowl to a certain sea- 
son of the year. 

The native fishes are another natural resource that requires 
consideration. Bass, aunfish, catfish, perch, trout, and salmon 
provided a dependable food supply for both the Indian and 
the pioneer. More recently, these animals have been taken in, 
such large numbers from our inland waters that the supply 
has been greatly lessened. Food fishes supply a valuable 
source of protein food as well as great pleasure to fishermen, 
so we cannot afford to allow the supply to be in any danger 
of extermination from lack of necessary protection. 

Recreation is one of the necessities of modern fife. Out¬ 
door recreation provides the most healthful and to many 
people the most satisfying form of relaxation. The native 
plants and animals make the out-of-doors inviting and inter¬ 
esting. With the coming of a shorter working day and a 
shorter working week, people will have more time for recrea¬ 
tion and the study and enjoyment of plant and animal life. 
Parks are a necessity for these people. City parks provide 
some of the people in large communities with their only 
opportunity to enjoy shady lawns, singing birds, and flower- 
ing plants. State Parks and National Parks provide camping 
grounds and opportunities to enjoy a longer, inexpensive 
vacation. As you visit the different city, state, and national 
parks you will find that they,are interesting, because they are 
the homes of a variety of plants and animals which are pro¬ 
tected from the greed of collectors and the selfishness of 
hunters. 

Make a collection for the classroom bulletin board of pic¬ 
tures of native animals that are very much in need of protec¬ 
tion. In one corner include pictures of our native animals 
that are now extinct. 
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THOUSANDS OF BIRDS DESt IN B!«D KEPUCES DUDINC THEIR MICRATORT FUCHTS. 

6. 'What is being done to prevent the extermination of 
wild life? 

If we visit the same woods, mountains, or seacoast for a 
few successive years, we see the effects of man’s activities on 
the wild life of the region. New and improved highways bring 
regions that were once inaccessible to all who drive automo¬ 
biles. Plant life, especially shrubs, wild flowers, and ferns, 
shows the effects of the visitors. Animal life is constantly on 
the move, and so we do not realize the harm that hunters, 
campers, and others cause to the wild animals and birds 
until a species becomes entirely or nearly extinct. If a few 
specimens remain these are placed in zoos and carefully 
guarded. 

There are various organizations that try to protect native 
birds, larger animals, and plant life, so that people may al¬ 
ways enjoy them and profft by their presence. 

Birds used to be slaughtered in great numbers during their 
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THE IIIIIDS AIIE SO IMPOHTANT TO AMERICAN FARMERS THAT THE UNITED STATES 


nUIlEAU OF IIIOLOCICAL SURVEY HAS A NUMDER OF BIRD REFUCES. 


migratory flights. A treaty was signed in 1918 by representa¬ 
tives of the governments of the United States and Canada. 
This Migratory Bird Treaty Act made it unlawful to capture, 
kill, or transport any migratory bird, or any part, nest, or 
egg of such bird, except during the open season established 
by the Secretary of Agriculture. Open seasons are provided 
for ducks, geese, swans, rails, sandpipers, and others. Orioles, 
swallows, thrushes, wrens, and woodpeckers are protected 
throughout the year and can never be taken. Robins and blue¬ 
birds cannot be killed within the United States. 

The Bureau of Biological Survey has over one hundred 
wild life refuges. Some of these refuges are for migratory 
birds. Land is purchased which is suitable as feeding, resting, 
and breeding grounds for the various species, some of which 
are migratory waterfowl. One of the most distant of these 
refuges is the Aleutian Islands Bird Refuge in Alaska. Gulls, 
ducks, geese, anklets, and miirres are some of the bird species 

387 











which are protected in this 
refuge. Other bird refuges that 
are maintained by the Bureau 
of Biological Survey are shown 
on the map on page 387. 

Many schools have an Audu¬ 
bon Society. The National As¬ 
sociation of Audul)oii Societies 
was founded in 1902 and since 
then its work of bird protec¬ 
tion has spread to all parts of 
the United States. The Audu¬ 
bon Societies own and main¬ 
tain several sanctuaries for the 
protection of the birds. The 
Paul J. Rainey Wild Life Sanc¬ 
tuary, which is in Vermilion 
Parish, Louisiana, extends over 
forty square miles of marsh¬ 
land. Twenty-one species of ducks and blue and lesser snow 
geese are some of the birds that find protection there dur¬ 
ing the winter months. Other sanctuaries owned liy the 
Audubon Societies are found in Florida, Georgia, Maine, 
North Carolina, New Jersey, New York, South Carolina, 
Texas, and Virginia. 

Many of the states have used their powers to pass laws to 
protect the birds. For example, the bobwhite or quail became, 
so scarce in Iowa a few years ago that people feared the birds 
would become entirely extinct. In order that this species 
should not die out, a law was enforced for five years which 
prohibited the shooting of quail. At the end of tliis five-year 
period the birds had so increased in numbers that there could 
again be an open season on quail each year. 
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THE DOBWHITE IS A CAME DIEB OF 
GREAT ASSISTANCE IN DESTIlOYINC 
WEED SEEDS AND INSECTS. 
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SPMEmFlOKlK' 

Thoughtless people are destroying our 
native Wild Flowers by pulling them 
up by the roots or by picking too 
many of them. Weeds will replace . 
them if there are not plenty left to go 
to seed. Will you help to save them? 

The Wild Flower Preservation Society, Inc. 

ftf 


SPARK THE FLOWERS. 


Counties, towns, and cities can pass ordinances which pro¬ 
hibit the killing of certain bird species within the limits of 
the county or city. Such laws when properly enforced are of 
great value in preventing the destruction of helpful birds. 

The Wild Flower Preservation Society of America has 
interested members in various parts of the United States. 
These people study wild flowers and their natural uses, and 
try to teach others to SPARE THE FLOWERS. You may have 
seen one of these posters. See the photograph above. This 
society gives six rules for the protection of our rare native 
plants, which are disappearing from our fields and woods. 

1. Pick them very sparingly, especially if near a large 
town or tourist point. 

2. Do not buy rare wild flowers from street venders or 
florists. 
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3. Do not pull them up by the roots; leave plenty to go 
to seed in order that all may enjoy them the following year. 

4. Pick other flowers in moderation unless abundant or 
weedy. 

5. Do not break, or tear off woody flowering branches. 
Cut them close to the base, so that the wound may heal over 
and prevent fungus diseases from entering. 

6. Do not drop lighted matches, cigars, or cigarettes in 
the woods or fields. Do not burn fields intentionally, as the 
burning destroys humus in the soil necessary for the growth 
of desirable plants, and causes them to be replaced by 
troublesome weeds. 

On any holiday or Sunday in the spring, discarded bou¬ 
quets of bloodroot, spring beauty, dogtooth violets, Dutch¬ 
man’s breeches, larkspur, lady’s-slippers, columbine, violets, 
and hepatica are likely to be found along country roads near 
towns and cities. The flowering dogwood, found in a variety 
of localities, is said to be destroyed more selfishly than any 
other plant. 

Different wild flowers need protection in different states. 
The American pasqueflower in South Dakota, the blue colum¬ 
bine in Colorado, the trailing arbutus in Massachusetts, and 
the lady’s-slipper in Minnesota are in need of protection. 

Secure pictures of different plants that are in need of pro¬ 
tection and display them on the class bulletin board. 

The Save-the-Redwoods League has been of great service 
to present and future America. The redwoods grow in no 
other place in the world except California. Many acres of 
these beautiful trees were cut for lumber before the league 
was organized'. 

Plant life as well as animal life is protected in all of the 
slate and national parks. In order to protect the birds and 
other animals, guns and dogs are not allowed to be brought 
into any of them. 
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THINGS TO DO 


1. Plant and care for a garden which contains at least six 
varieties of vegetables. This may he a class project. 

2. Plant and care for a flower garden which contains six 
or more varieties that are annuals. 

3. Secure some wild flower seeds and develop a wild 
flower garden in your own yard. Your State Conserva¬ 
tion Commission can tell you where to obtain seeds. 

4. Make a collection of cultivated grasses to show how the 
seeds are home on the stems. 

5. Prepare a class report on the redwoods and the lumber 
industry. 

6. Make a collection of seeds to show the different ways in 
which seeds are scattered. 

7. Prepare a report for the class on the wild animals which 
are found in the different national parks, as for example, 
Glacier National Park. 

8. Care for three different kinds of potted plants. 

9. Grow two kinds of flowering plants from seeds in pots. 

10. Some members of the class may want to form a branch 
of the Wild Flower Preservation Society of America. 
You can obtain information by writing to 3740 Oliver 
Street, Washington, D. C. 

11. Other members of the group may want to form an 
Audubon Society. Information may be obtained by 
writing to National Association of Audubon Societies, 
1775 Broadway, New York City. 

12. Write to The American Tree Association, 1214 Sixteenth 
St., Washington, D. G., for copies of The Forestry 
Primer. 

13. Prepare an exhibit of pictures of the different breeds of 
dogs and display them on the class bulletin board. 

14. Prepare a class report on the cultivation of sugar cane. 
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15. Prepare a special report on the history of the orange in 
the United States; also on the history of the grapefruit. 

SOME THINGS TO REMEMBER 

1. A useful plant or animal is one that can he made to 
serve the needs of human heings. 

2. Different plants and animals are useful to people in 
different parts of the world. 

3. The adjustment of plants and animals to one another 
and to the environment in any one place is called the 
balance of nature. 

4. When human beings use any one kind of plants or ani¬ 
mals in great numbers, the balance of nature is dis¬ 
turbed. 

5. Farming disturbs the balance of nature. 

6. Those animals and plants that have long been grown 
especially for human uses are called domesticated plants 
and animals. 

7. The fact that offspring resemble parents or other an¬ 
cestors is called heredity. 

8. Variation means that plants or animals of the same 
species, breed, or variety differ from one another. 

9. The most valuable food plants used by people through¬ 
out the world are grasses. 

10. Corn is the most valuable grain crop grown in the United 
States. 

11. Vegetables are provided by plants that store food in 
roots, stems, fruits, seeds, or leaves. 

12. Most of our domestic animals belong to the order of 
hoofed mammals. 

13. Cattle are the most important of the several kinds of 
domestic animals. 

14. All domesticated plants and animals have been de¬ 
veloped from their wild ancestors. 

15. The wild plants from which most of the cereals or grains 
have come are unknown. 
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16. The ancestor of corn is believed to have been similar to 
a wild grass called teosinte. 

17. All varieties of apples have come from a wild plant 
which resembles the crab apple. 

18. Our breeds of domestic cattle originated in Europe. 

19. The early ancestors of the dog are unknown. 

20. Our present-day chickens had ancestors that lived in the 
jungles of India, South China, and the East Indies. 

21. The sugar beet was bred for its large amount of sugar. 

22. New varieties of plants and animals may develop in the 
wild by natural selection and the survival of the fittest. 

23. The various breeds of domestic animals have been ob¬ 
tained largely by selecting the ancestors for new gen¬ 
erations. 

24. Different breeds of different kinds of animals have been 
developed for definite human purposes. 

25. Everyone loses when the forests burn. 

26. The dust storms that have occurred in the great plains 
region were due to men’s shortsightedness in plowing up 
the native grasses. 

27. Pa.ssenger pigeons, now extinct, were once common birds. 

28. Parks are needed for recreation areas. 

29. Birds are protected in wild-life refuges and in sanc¬ 
tuaries. 

30. The Wild Flower Preservation Society has helped to 
prevent the complete extermination of many wild plants. 

31. There are many government agencies which protect 
plant and animal life. 
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No. 1759. Game Management on the Farm. 


394 








UNIT ELEVEN 


Understanding the Human Machine 
What This Unit Is About 

The human body is a machine with few spare parts, 
"When some vital organ, such as the stomach, heart, lungs, 
or kidneys, is not doing its work properly, illness and 
sometimes death result. Much worry and unhappiness, as 
well as illness, occur because people do not know enough 
about the human machine to care for it intelligently. 

Scientists have conquered many of the plagues that 
have destroyed so many thousands of people in the past. 
Smallpox, bubonic plague, yellow fever, and typhoid 
fever are some diseases that can be controlled. Today the 
organic diseases, such as heart disease, cause more suffer¬ 
ing than the germ diseases. 

How much do you know about the machine, your body? 
What do you know about keeping it in good running 
order? Many people know more about the construction 
atid operation of their automobiles than they do about 
the far more complicated mechanism called the human 
body. It is far more important to keep your own body in 
good running order than it is to have the family car regu¬ 
larly serviced. After studying this unit, you should be 
able to care for it more wisely. This knowledge will help 
you to develop the powers of resistance so necessary for 
a long and happy life. 
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Understanding the Human Machine 

UNIT PROBLEMS 


1. Why are our bodies like machines? 

2. Why are we able to move? 

3. How can we build stronger bones ? 

4. How does digestion take place in the human body? 

5. How are building materials distributed throueh our 
bodies? 

6. How is oxygen supplied to all of the cells? 

7* What defenses has the body against injury and 
disease? * 

8. How can wastes be removed from the human ma¬ 
chine? 

9. What guides and controls the human machine? 

10. How can we best care for our own bodily machinery? 

1. Why are our bodies like machines? 

The human machine is sometimes likened to an automobile. 
The automobile derives power from the “burning” of gaso¬ 
line. The body derives heat and energy from the food that 
we eat. 

When we look at a shiny new car, we think of it as one 
large unit. On closer examination we find that it consists of 
several systems. Boys who have worked in an automobile 
shop can readily identify the chassis, electric system, cooling 
system, transmission, and the power plant or engine. 
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The human machine also consists of several systems. You 
may have seen a human skeleton which furnished the frame¬ 
work for the organism called a boy or a girl. The bones 
belong to the skeletal, or bony system. Muscles are con¬ 
nected to the bones so the movement of the body is possible. 
These muscle tissues make up the muscular system. The 
lungs, and the tubes that carry air to them from the nose, are 
parts of the respiratory system. The stomach, mouth, and 
intestines belong to the digestive system. The heart, blood 
vessels, and the blood belong to the circulatory system. The 
organs that remove wastes from the body, as the kidneys, are 
classified under the excretory system. The entire mechanism 
is controlled by the nervous system, which includes the hz-ain, 
the spinal cord, and the nerves- 

The organs that make up the different systems of the body 
are made of materials called tissues. When the various tissues 
are examined under a microscope they are found to consist 
of countless small units called cells. Cells may be almost any 
shape. Some are round or oval. Some are rectangular. Others 
are long and slender. Still others are very angular. All body 
cells are alike in that they consist of living material called 
protoplasm usually enclosed by a cell wall. 

The protoplasm within the cell wall makes up the living 
material of the body. Scientists have discovered most of the 



Bone Muocle Nerve Epilhclial 

BODY CELLS CONSIST OP PROTOPLASM, NUCLEAR MATERIAL, AND CELL WALL, 
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MAWY SETS or MUSCLES ARE USEB DBMNO ANY ciME. 

chemical substances that are found in protoplasm^ hut in spite 
of much research they cannot tell why protoplasm lives. 

Ask your teacher to place different kinds of cells under 
the microscope. A drop of blood from a pricked finger, a bit 
of muscle tissue from lean meat, or some of the epidermis 
(skin) of a leaf will show you characteristic cells, 

2. Why are we able to move? 

All of the movements of the body are caused by the 
contraction of the muscles. When we walk, talk, play a musi¬ 
cal instrument, write a letter, or drive an automobile, some 
of the hundreds of body muscles are making this motion pos¬ 
sible. The boy or girl who plays a fine game of tennis, or 
excels in any sport, does so because all of the muscles work 
smoothly together under the guidance of the nervous system. 

Muscles are of two sorts. Those that can be consciously 
controlled and directed by the central nervous system, such 
as those in the arms and legs, are called voluntary muscles. 
Others that are controlled without our becoming aware of an 
attempt to direct them, such as those in the stomach and the 
heart, are called involuntary muscles. Each muscle is a group 
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of musole fiber, ei.de up of mu«ile cell,. Approximately one 
oi musuc liu . , ^ r „„ ;„^;vi(^ual is due to muscle cells, 
half of the body weight of an individual is a 

Muscles grow larger and stronger with use. Exeicise alone 
wiU ^ dmm U> inem.ee in size. Protein food, eueb .e 

meat, milk, egg., and fi*. are neeeeeary for the development 
and maintenance of strong, firm muscles. 

Make a eoMecttoa of piaores of ten foods tto i<..H_ /mlpJo 
build Stroms muscles. Display ikem on the class bulletm 

^1. musclea are of no value unleee they are under eon- 
,„1 Sough daUy exerdee our mueelee are tramed to aet 
ta J pro^ «uy. 00 that »e heeome ekilled as pianist., 
typists, machinists, or athletes. 

3. How can we build stronger bones? 

There must be some place to attach the many muscles and 
yariou. organ, of our bodle,. The bony system, or skeleton, 
vihieh consists of about tuo hundred and six individual bones, 
provides this bod, framework. Some 0 these are ,omed 
Lgether, such as those that form the skull. Others «» m the 
finger, ind knees, are united by joint, so that the muscles 

can move them about. 

Mmdes are frequently atuchcd to bones W ">0.“ of 
temfoas. Tendons are cord-like band, of dense, white, fibrous 
connective tissue that help in pulling the hones about. Have 
you ever heard of an athlete pulling a tendon? 

Ligaments are strong connective tissues that ]om bone o 
bone. A sprained ankle or wrist results when a ligament is 
torn loose, from the. bone or stretched from its original 

^ It is very important to furnish our bodies with sufficient 
bone-making materials during childhood and youth. If we 
fail to do BO, we cannot hope to have strong and well- 
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pws. The wf„ eon.::- 

ability of concrete structures to ^ aicmm. The 

hne^. The ehe,e.„„ ., ^riSirtS,;; 
oium compound, are likewire important parU of h 
both human and animal. Some food, that are rieh in 
are m,Ik, eheeae, orangea, green bmm., earrote. .pd 

cauliflower, and most leafy vegetables spinach, 

tsr A Si !:? 

Children cannot have strong, well-formed bones without 
ufficient amounts of Vitamin D. Most of us have known" 
baby who was given daily sun baths, as well as cod liver oil 
The sun baths and the Vitamin D from the fish oil cause the’ 
calcium to be deposited in the bones, so that deformed bones 
or rickets are prevented. 

Make a collection of advertisements of preparations whkh 
contain Vitamin D Consult a physician or the school nurse 
to determine which are reliable. Display the advertisements 
of recommended products on the class bulletin board 

We all admire the person who walks along with shoulders 
back and head erect. Posture is, after all, a matter of habit 
and of ti^ming our muscles to hold our bones in proper 
position. It IS well to think occasionally of our postures, and 
.decide whether we are in good standing or sitting positions. 
Posture IS definitely related to health. The person who stands 
or sits in a proper position allows his lungs to expand fully 
and thus secures a good supply of fresh air. Many digestive’ 
disorders, such as constipation, are relieved when the posture 
IS improved. 
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FOn A PERFECT FIT ALL TOES ARE 
free; THE ARCH IS SUPPORTED; THE 
HEEL IS ALIGNED, 


We cannot have good pos¬ 
ture unless we wear com¬ 
fortable, well-fitting shoes, and 
have feet that are in a healthy 
condition. Flat feet, due to 
fallen arches, cause great 
distress, and interfere with 
an active, normal life. If 
your feet trouble you, your 
physical-education teacher may 
be able to suggest exercises 
that will correct the painful 
condition. 

Place your bare foot as you 
stand with your weight on it 
on a piece of white wrapping 
paper and draw the outline of 
your foot. Now lay your shoe 
on this outline to determine 
whether your shoes are suffi¬ 
ciently long and wide enough 
for a perfect fit for your feet. 


4. How does digestion take place in the human body? 

The flour, salt, sugar, and baking powder in the kitchen 
are not eaten until they are combined with other ma¬ 
terials. This often involves a chemical change of some sort. 
The food that we eat for breakfast, luncheon, and dinner can¬ 
not he used for growth arid energy in our bodies until it has 
been chemically changed in our mouths, stomachs, and small 
intestines. Digestion is the name given to the series of chemical 
changes that occur in food after we have eaten it. It is some¬ 
times defined as the series of processes by which insoluble foods 
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A muscular tube called the esophagus, or the gullet, cur¬ 
ries the food from the mouth to the stomach. The stomach 
is a pear-shaped, muscular organ. It provides a digestive 
substance called the gastric juice. This juice acts upon protein 
foods, sucli as meat, cheese, the white of egg, and fish. These 
foods do not become soluble or dissolved without the help of 
a digestive juice or ferment, called an enzyme. 

The third “laboratory” is the small intestine. This is the 
busiest of the three digestive “laboratories.” The small in¬ 
testine is a tube about twenty-two feet long. Two important 
glands pour their secretions into the upper part of the small 
intestine. The liver secretes bile, which helps in the digestion 
of fats. The pancreas provides the pancreatic juice which con¬ 
tains three chemical substances. One of these chemical sub¬ 
stances acts upon fatly foods, such as butter, cream, and olive 
oil. Another digests any starches that were not (ihcmically 
changed in the mouth. The third acts upon any proteins which 
were not digested Ity the gastric juice in the stoina(;h. 

All foods are not digested at the same rate. Therefore, 
several hours must pass before some of the foods that are 
taken in during a meal are completely digested or made 
soluble, and are ready to become a part of the l)lnod. 

If you could examine the inside surface of the small 
intestine, you would find that it has a velvety appearance. 
If a small section were examined under a microscope, many 
small projections would be observed. Each of these projec¬ 
tions, called a villus, contains very small blood vessels called 
capillaries. The digested food in the intestine passes through 
the membrane of the villus by a process called osmosis. 

5. How are building materials distributed through our 
bodies? 

We grow in weight and height and have energy to work 
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and play because we eat food each day. As we said, tills food 
is not immediately usable for building new body cells, or 
for providing heat and energy. After the digested food is 
absorbed into the blood by the process of osmosis, it is car¬ 
ried to the millions of cells in our bodies by the circulation 
of the blood. The blood is able to travel continuously about 
the body because we have a double-acting force pump, and 
more than sixty thousand miles of blood vessels in every 
adult person. 

The double-acting force pump is the heart. This mu.scular 
organ keeps at work as long as we remain alive, beating not 
less than seventy times each minute. The heart weighs less 
than one pound, yet in one day it does enough work to lift a 
one-hundred-and-fifty-pound weight nearly as high as the 
Empire State Building in New York City. 

The hundred thousand miles of blood vessels are of three 
kinds. Some are arteries, some are veins, and some very fine 
capillaries. Arteries can be distinguished from veins by their 
rubbery, elastic walls. Veins are inelastic tubes. Some of the 
larger veins are fitted with heaulifully made valves. Arteries 
carry blood from the heart to all parts of the body, while veins 
carry blood from the various parts of the body to the heart. 
Capillaries are fine hair-like tubes which eomiect veins and 
arteries. Sometimes you can see fine red lines in the skin of 
older people. These red lines are small blood tubes. 

Ask your teacher to arrange a microscope to show you the 
blood circulating in the tail of a small fish, tadpole, or in 
the web of a frog’s foot. 

Chemists cannot write a formula for blood. They know 
that water is HuO. Unlike water, the chemical composition 
of the blood is never quite the same. They know that our 
blood consists of a liquid portion called the plasma. Dis¬ 
solved or suspended in the plasma are red and white cor- 
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HOW UOES AIR REACH THE LUNGS? WE BREATHE ABOUT 16 TIMES A MINUTE. 

puscles, substances that assist in the clotting of the blood, 
waste materials, oxygen, and dissolved foods and minerals. 

6. How is oxygen supplied to all of the cells? 

Gasoline does not supply power to the automobile until it 
combines with oxygen. Coal and wood do not burn unless 
a constant supply of oxygen is present. The digested food 
does not furnish heat and energy to the body cells unless it 
combines with oxygen. 

In an earlier unit you learned that about 21 per cent of 
the air is free oxygen. All animals have some way of securing 
oxygen. Fish obtain it from the water by means of their gills. 
Most of the insects have breathing tubes called spiracles. 
Mammals, birds, and many other animals ai'e supplied with 
lungs through which they obtain the life-giving oxygen. 
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Our lungs contain 
many millions of 
tiny air sacs. When 
we take a deep 
hrculli they are filled 
with air. As the 
hlodd circulates 
through our lungs, 
oxygen from the air 
enters the blood 
stream and is car¬ 
ried to all of our 
body cells. The blood 
carries waste ma¬ 
terials from the cells. As these wastes are carried to the lungs 
carbon dioxide, nitrogen, and water are breathed out by the 
lungs. 

The importance of a continuous supply of frc.sh air day 
and night can be readily under.stood if we remember tliat 
usually a person cannot live longer than throe minutes with¬ 
out oxygen. Many colds and other illnesses are due to poor 
ventilation in an overheated and crowded room. If we remem¬ 
ber that cold, fresh air enters thrungli the lower part of the 
opened window, and that warm, stale air escapes through 
higher openings, we can arrange the ventilation in our rooms 
in a healthful manner. 

7. What defenses has the body against injury and disease? 

Germs, or microbes, are all around us. They seldom do 
harm because we are provided with a protective covering 
called the skin. The skin of an adult person covers an area 
of about twenty square feet, and' weighs about six pounds. 
. If we carefully examine a bit of skin under the microscope we 
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find that it is made of many cells. The outer layer of skin is 
called the epidermis, and the inner layer of skin the dermis. 

The germs that come in contact with the skin are usually 
destroyed or removed by the daily bath of warm soapy 
water. When the skin is broken by cuts or scratches, bacteria 
may enter and cause trouble if no precautions are taken. 
We have formed a good habit when we always apply tincture 
of iodine to every cut or scratch, no matter how slight it 
may be. 

If the skin is injured by burns or scalds, wet baking soda 
or vaseline may be applied. A tannic-acid solution made by 
soaking tea leaves in warm water is also used for burns. Large 
and deep burns require the immediate attention of a skillful 
physician. 

The eyes protect us from some accidents and injuries. We 
can see that food has become moldy or spoiled, and do not 
eat it. If water looks murkv. we do not drink it. However, 






pollution is not always visihlo. If a road or bridge appears 
unsafe, we turn around and choose another safer route. 

The eyes are much like a camera. Each lias a Ims that 
focuses the object on the film in the camera, and on the 
retina in the eye. When a camera wear.s out we can replace it, 
but our eyes through which we gain the most of our knowledge 
cannot be replaced. 

We can do much to safeguard our eyes if we read or sew 
only when there is sufficient light. If our eyes need the 
assistance of glasses, we should be glad to wear them. Some¬ 
times eyes become stronger as children grow older, and in 
time glasses become unnecessary. 

The sense of smell, located in the nose, protects us in many 
instances. If food has become soured or spoiled, the olfactory 
sense, or the sense of smell, will warn us not to use it. A 
leaking gas line, which might result in an explosion or in 
asphyxiation, is frequently found by this detective, the nose, 
before any serious harm lias been done. 

Another of the special senses is the sen.se of taste. When 
materials are placed on our longues they give the sensation 
of being sweet, salt, sour, or bitter. This sense sometimes 
prevents us from swallowing liarniful sub.slancc.s. 

The white corpuscles in the blood have been mentioned. 
They are sometimes called the policemen of the body, be¬ 
cause they destroy bacteria and other kinds of disease germs. 
If bacteria enter through a cut or a scratch and start to cause 
trouble, the white corpuscles gather in that area in large 
numbers and destroy the germs. The pus, which sometimes 
forms in wounds, is proof that the body police have re¬ 
sponded to the emergency. 

Another of the defenses of the body is known as immunity. 
By immunity we mean that substances are built up in the 
tissues and in the blood which counteract the poisons pro- 
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duccd in the blood sticrnn by dis03.s6"prodiicmg orgEiiiisms 
Some people seem to have natural resistance to certain 
diseases^ which is called TmtuTctL iTfiTfiiiTiityt Some races seem 
to be more likely to suffer from tuberculosis than others 
who do not have this natural immunity. 

You know that persons having had one of the common 
contagious diseases, such as measles, chicken pox, or whoop¬ 
ing cough, do not have the disease again. The resistance that 
they have developed to the disease after having had it is 
called acquired immunity. We do not know just what pro¬ 
duces immunity. It is thought that chemical substances are 
formed in the blood because of the presence of poisons pro¬ 
duced by the disease-producing bacteria. 

It is possible to acquire immunity to some diseases by 
introducing a substance into the blood of the person to be 
made immune. Sometimes the substance consists of weakened 
germs of the disease. In other cases a vaccine serum, or anti¬ 
toxin, is used which was prepared from the blood of a 
healthy animal that had the germs of the disease introduced 
into its body. 

Many people now avoid having smallpox, diphtheria, 
typhoid fever, and other diseases because they acquire im¬ 
munity through the use of vaccines and antitoxins. 

Prepare for the class a report on the methods that are 
used in the preparation of smallpox vaccine and diphtheria 
toxin antitoxin, 

8. How can wastes be removed from the human machine? 

Machines form wastes as they consume fuel. Various 
gases are formed in the automobile motor as the gasoline is 
burned. Ashes always result from the burning of wood and 
coal. Four types of waste products are produced in the 
human machine- It is very important that these wastes be 
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removed soon after tliey are formed, if dicj body is to remain 
in good health and if it is to do its work efiieiently and well. 

There are many sweat glands in the shin. They secrete 
perspiration. Perspiration is largely salt water in which 
protein wastes from broken-down nius«dc cells are dl.ssolved. 
During vigorous exerci.se, or in very warm weather, several 
quarts of perspiration may be given olT in one day. If the 
weather is cool, or we do not ttxerci.se, siudi small amounts 
of perspiration are produced that we are hot conscious of 
perspiring. 

It is important that this perspiration should not he allowed 
to remain on the skin for any length of time. A warm bath 
each day and a change of underclothing and stockings will 
help to keep the skin in a clean and wholesome condition. 

The air that leaves our lungs contains a waste product 
called carbon dioxide. Some rather strenuous c.\ercise each 
day, such as a walk, will help to remove the carbon dioxide. 
Because at such times we breathe more rapidly and deeply, 
the circulation of the blood is increased so that the carbon 
dioxide is removed from the many cells in our bodies. As the 
blood circulates around the body, it takes on the carbon 
dioxide. When the blood reaches our lungs, the carbon 
■dioxide is exhaled and fresh air with the life-giving oxygen 
takes its place. 

You can prove that carbon dioxide is a part of the air 
that leaves your lungs by the folloiving experiment: Pour 
some limewater into a test tube or glass. Blow through a 
glass tube or straw, such as is used at a soda fountain, into 
the limewater. The clear limewater will become milky. This 
is a good test for the presence of carbon dioxide. 

The kidneys are very important organs of excretion. They 
are bean-shaped organs, about four inches long, which give 
off a liquid waste called urine. There is a sul)stance_ culled 
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urea in this waste, which like a substance in the perspiration, 
is formed from broken-down muscle cells. One reason why 
we should drink at least six glasses of water every day is to 
make sure that the kidneys do their work elBciently. 

The large intestine is sometimes called the colon. It forms 
the lower part of the digestive tract and is continuous with 
the small intestine. This tube is about five feet long in an 
adult and excretes the solid wastes of food and bacteria. At 
least one bowel movement daily is essential to prevent the 
common ailment called constipation. Constipation is a fre¬ 
quent cause of headache, upset stomach, and a blotchy or 
pimply skin. 

9. What guides and controls the human machine? 

No machine is. of value unless it is under control. There 
is no more pitiable sight than a human machine that is 
undirected, because for some reason the nervous system is 
not functioning as it should. 

The nervous system consists of the brain, the spinal cord, 
and the nerves. We hear, see, feel, and have the senses of 
smell and taste, because certain nerves carry the messages 
called sensations to the brain. We move our legs, arms, and 
fingers only when the brain sends out the command to certain 
nerves called motor nerves. We are intelligent beings, able 
to control our environment, and able to live in all of the 
climatic zones, because we have a highly developed brain 
with well-established powers of reasoning. 

Everyone admires the alert, clear-thinking, self-controlled 
person. We frequently hear the expression that it is brain 
and not brawn that counts. Some of the most valuable mem¬ 
bers of a football team are the boys who do not have the 
greatest size and weight. The individuals whose muscles re- 
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SENSE OF FEELING IN ALL PARTS OF OUR RODIES. 
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spend quickly and accurately to the brain’s directions 

The health of the nervous system depends first of all upon 
sufficient rest and sleep. Very young babies sleep most of 
the time. The hours of sleep which are necessary decrease 
as we grow older. The following table was worked out by 
experts m the United States Children’s Bureau: 


Sleep Required by the Average Child 


Age 

At birth. 

At 6 months. 

At 1 year . 

At 2 to 5 years . . 
At 6 to 7 years . . , 
At 8 to 10 years . . 
At 11 to 12 years . 
At 13 to 15 years . . 


Hours of Sleep Needed 
20 to 22 hours 
16 to 18 hours 
14 to 16 hours 
13 to 15 hours 
12 hours 
11 hours 
10 to 11 hours 
9 to 10 hours 


The avoidance of drugs and poisons is another requirement 
for a healthy nervous system. The poison that is most likely 
to be used by growing boys and girls is nicotine. Nicotine 
is a part of tobacco, and is, therefore, found in all cigarettes. 
Tobacco is much more injuiious to boys and girls than it is 
to older people. Some schools have found that the grades 
of the students who smoke are below those of the non- 
smokers. 

As boys and girls become older they may be tempted to 
use drinks that contain alcohol. Alcohol is a poison, and one 
of its effects upon the body is seen in the nervous system. 
Good judgment and self-control rapidly diminish under its 
influence. No one can give the exact amount of alcohol that 
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is necessary to produce drunkenness, because most people 
vary in the amount they can drink and still remain sober. 

Railroads have a strict rule which prohibits the use of 
alcohol by their employees, because they are responsiljle for 
the lives of the passengers and hundreds of thousands of 
dollars’ worth of equipment. The officials of the large airline 
companies enforce the same rule. Often a man who drinks 
will not employ a chauffeur who is a u.ser of alcohol. Many 
automobile accidents upon the streets of our cities and on 
our highways are caused by drunken drivers. Drunken pedes¬ 
trians are likewise the cause of frequent accidents involving 
an automobile. 

It is quite true that we are a bundle of habits. Habits 
become fixed by doing the same thing many times in the 
same way. Finally, in similar situations we tend to perform 
an act in the same way. Good manners, neatness, various 
kinds of accuracy, and a happy, cheerful disposition are the 
results of the formation of good habits formed while we are 
boys and girls. 

10. How can we best care for our own bodily machinery? 

We know that the human body is a very complicated 
organism. It is composed of several systems. Each system is 
composed of various organs. Usually the different organs 
develop and work together harmoniously. We can do much 
to promote good health by developing habits of healthful 
living. 

We can choose simple, wholesome foods that will build 
and help to maintain strong bodies. At least a pint of milk 
should be used by every junior-high-school boy and girl each 
day. In addition there should be a generous use of fresh 
vegetables, whole wheat bread, and fresh fruits. 

Fresh air is necessary for good health. In cold climates 
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A NOURISHINe LUNCH IS ONE OF THE REQUMEMENTS FOR THE HEALTH AND 
GROWTH OF ALL CHILDREN. 

some children attend open-air schools throughout the year. 
Exercise taken in the fresh air and sunshine is an excellent 
tonic. 

Warm, yet light, clothing should be the rule in cold 
weather. In hot weather clothing that allows the escape of 
body heat should be used. We should choose our clothing 
according to the thermometer, and not the calendar. Strong 
shoes that keep the feet dry in wet weather are an essential 
part of everyone’s wardrobe. 

Cleanliness of skin, hair, teeth, and clothing are necessary 
for health as well as for our own self-respect. Many capable 
boys and girls have not been chosen to fill positions because 
of their personal appearances. 

Some boys and girls who would not think of coming to 
school without washing their faces appear without having 
brushed their teeth. From a healdi standpoint, a dirty face 




is less harmful than dirty teeth. It may not always be true 
that a clean tooth never decays, hut clean teeth decay much 
less frequently than those that do not receive proper care. 

How shall we care for our teeth? The teeth must be 
brushed at least twice each day—when we arise in the 
morning, and just before going to bed at night. We should see 
a dentist every six months, so that small cavities may be 
filled before the entire tooth is destroyed. Pride in our per¬ 
sonal appearance, as well as a desire to have good health, 
will cause us to care properly for our teeth. 

A boy or girl who does not have sufficient rest and sleep 
cannot have good health. Remember that the body and the 
nervous system are subjected to great strains in this modern 
world. Long hours of restful sleep help to rebuild or restore 
all kinds of body cells.' 

THINGS TO DO 

1. Keep a list of the foods that you ate at })reukfust, lunch¬ 
eon, and dinner during any one day. Use reference 
books to help you decide what kinds of food substances 
they contain. Then classify them under the htjudings of 
proteins, fats, carbohydrates, and minerals. 

2. IhtervieVv a dentist or nurse and then write a report for 
the class on the subject “How to Have Good Teeth.” 

3. Weigh yourself weekly for at least 10 weeks. Then 
make a graph to show your increase or decrease in 
weight. 

4. Make a list of at least 10 foods that help to build strong 
teeth and bones. Post your list on the class bulletin 
board. 

5. Collect news items concerning accidental injuries. Use 
these items for material for a chart having the following 
headings: 
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7. 


8 . 

9. 


Prepare a first-aid kit which will be suitable to take 
with you on overnight hikes and on trips in the family 
cai. Consult the school nurse or family physician as to 
the most useful materials to include. 


Prepare a report for the class on William Harvey who 
discovered the circulation of the blood. 

Consult some hook such as Living Safely by Bowman 
and Boston and prepare a report for the class on the 
correct first aid to be applied in the case of cuts, punc¬ 
tures, and burns. 


SOME THINGS TO REMEMBEB 

1. The human machine derives energy from the food that 
is eaten. 

2. A cell is the smallest unit of living material. 

3. Muscles make bodily movements possible. 

4. The skeleton, or bony system, provides the body’s frame¬ 
work. 

5. Good posture is related to good health. 

6. Strong bones depend upon sunshine and a plentiful 
supply of foods containing calcium and Vitamin D. 

7. Foods must be digested before they can be used in the 
body. 

8. The heart pumps the blood to all parts of the body. 

9. The blood distributes the digested food. 

10. We cannot live without a constant supply of oxygen. 

11. The skin protects tlie body against the entrance of some 
kinds of germs or microbes. 
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12. The eyes and nose protect the l)C)dy iigainst many clan¬ 
gers. 

13. The white corpuscles in the hloocl destroy hacteria wlien 
they enter the body. 

14. Perspiration is a waste product excreted hy tlie skiij. 

15. The air that leaves our lungs contains waste products, 
including carl)on dioxide and water. 

16. The kidneys excrete a licpiid waste c ailed urine. 

17. The colon or large int<;.stine should he cmpticxl ca<;h day. 

18. The nervous system is made up of the brain, spinal <;ord, 
and nerves. This system controls the human machine. 

19. Sufficient sleep is necessary for the propcM' development 
of the nervous system. 

20. Poisons, such as tobacco and alcohol, may he very 
injurious to the nervous system. 

BOOKS TO BEAD 

Andress, J. Mace, and Evans, W. A. Hiuillh and Good CAtizm- 
ship. Ginn and Company. 

Bowman, Earl C., and Boston, Paul F, Living Sofvly. The 
Macmillan Company. 

Charters, W. W., Smiley, Dean E., and Strang, Bulh M. 
Health Through Science, The Macmillan Comi>any. 

Elwyn, A. The Story of the Human Body. Grossi'.t & Dunlap, 
Inc. 

Hartman, L. L. Teeth and Mouth. D. Appleton-Cciilury Com¬ 
pany, Inc. 

Lewin, P. Posture and Hygiene of the Feet. Funk and Wag- 
nalls Company. 

Reiss, Oscar, and Baruch, Doi'othy. My Body and How It 
Works. Harper & Brothers. 

Stephenson, Mary Bowen. The World of Invisible Life. Follett 
Publishing Company. 

Turner, C. E., and Collins, Georgia B. Cleanline.s.'t and Health. 
D. C. Heath & Company. 
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INBEX 


Acridont preveniion, 277-281 
Ailaplulinn to environment, 168-169 
176, 34H-349, 353-354 
Adders, spotted, 163 
Adveriisini;, 8-9 

Air, altitude, 90-93; cliemiatry of, 76- 
80, 82, 233-234; currents, 224225, 
321-322; earth’s covering, 47, 74; 
for animal life, 52, 74, 75, 80 90, 
133, 140, 407-408, 416-417; for plant 
life, 52, 53, 74, 75, B3, 169-170; 
heat cniidiictnr, 307, 322; pressure, 
’75, 95-100, 224; sound, 75, 93-95; 
water vapor in, 62, 79, 80, 81, 82- 
83, 106-109, 223, 224, 240 
Air Conditioning, 84 
Airplanes, 291 
Alaska, 199, 387 

Alcohols, 233, 237, 319, 358, 415-416 
Aleutian Islands Bird Refuge, 387-388 
Alfalfas, 175, 362 
Algae, 139, 179 
Alligators, 88-89 
Altimeter, 90, 92 
Altitude, 90-93 
Alnininuin, 229, 238 
American Association for the Advance¬ 
ment of Science, 24-25, 30 
American Library Association, 24 
Ammonium chloride, 335 
Amoeba, 86 

Amphibians, 140. See also names of 
Anemones, sea, 86 

Animals, 130; air for, 52, 74, 75, 85-90,. 
133, 140, 407-408; changes in, 372- 
379; con.scrvation, 379-390; domesti- 
ctttion, 355-356, 364-366, "369-372; 
early kinds, 179, 181-183; food for, 
132, 133, 242; power, 284-286, 365; 
present kinds, 135-169, 181; useful¬ 


ness, 348, 349, 350-355; water for 
52, 122, 123, 132-133; warmth for 
52, 133-134. See also names of 
Annuals, 172, 174, 176-177, 178, 360. 

See also names of 
Antennae of insects, 153-154 
Antitoxins, 411 
Ants, 137 

Apples, 118, 360, 362, 368-369, 371-372 

Apricots, 360, 362 

Aquarium, 354 

Aquarius, 206 

Arbutus, 390 

Argentina, 358 

Argon, 79, 231 

Aries, 206 

Aristotle, 16 

Arkansas, 358 

Armature, 342-343 

Arteries, 405, 406 

Asbestos, 304, 321 

Ashes, 236 

Asses, 379 

Asters, 172 

Atoms, 230-232, 235 

Audubon Society, 388 

Auklets, 387-388 

Automobiles, 273, 291, 317 


Bacon, Francis, 110 
Bacteria, 85, 112, 119, 134, 175, 408, 
409, 410, 411, 413 
Balance of nature, 353-355, 384 
Balloons, 78, 79 
Bananas, IIB 
Banding birds, 148-150 
Barley, 142, 357 
Barometer, 90-92 
Bass, 365 
Basswood, 362 
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Bats, 164 

Beans, 118-119, 174, 175, 246-247, 363- 

364, 401 

Bearings, 268-270, 273 
Beers, 133, 134 
Beavers, 165 
Beefsteak, 118 
Bees, 362, 363 
Beetles, 137, 142 
Beets, 360, 363, 377 
Belts and wheels, 274, 279 
Biennials, 172, 176, 177-178 
Bile, 404 

Bindweed, 177, 178 
Birds, 168-169, 182, 209, 364; air for, 
88, 89, 407; conservation, 383-384, 
386-389; kinds of, 141-151; poultry, 

365. See also names of 
Bitterns, 145 
Blackberries, 360, 362 
Black Death, 165 

Blood, 81, 87, 88, 114, 240-241, 247, 
398, 404-407, 408, 410-411, 412 
Bluebirds, 142, 143, 146, 151, 387 
Blue jays, 146 
Blueweed, 178 
Bobcats, 364 
Bobwhites, 145, 388 
Body, human, 333, 338-339, 396, 397; 
bony system, 246, 247, 398, 400-402; 
chemical composition, 246-247, 406; 
circulatory system, 81, 114, 240-241, 
247, 398, 404-407, 408, 410-411, 412; 
digestion, 114, 240-^1, 244, 398, 
401, 402-404, 406, 407, 413; excre¬ 
tory system, 114, 398, 401, 411-413; 
health and safety, 408-411, 416-418; 
car, 94-95; eye, 331-332, 409-410; 
muscular system, 398, 399-400, 401; 
nervous system, 398, 399, 413-416, 
418; oxidation in, 239-241, 306-307, 
397; respiratory system, 80-82, 86, 
90-93, 241, 398, 407-408; tempera¬ 
ture, 319-320 

Bailing point of water, 319 
Bone meal, 246 

Bones, 80, 117, 246, 247, 398, 400-402 
Botanical gardens, 27 
Bracken, 178 
Brain, 398, 413, 415 
Brake (weed), 178 


Bread, 2311, 403, 416 
Brcntiiing, see llespirntinn 
Hrnnehiul Itilies, 80-81 
Biihnnir. plague, 165 
Buckwlieut, 362, 363 
Buffahies, 355, 365, 379. 383 
Burbank, Luther, 32, 374-375 
Hurtlock, 178 

Bureau of Biuli»gicul Survey, U. S., 
148, 387-388 

Burning, see Coiidtustinn 
Burns, 409 
Burs, 178 
Butter, 365, 404 

Bulterilies, 152-154, 158, 162. 177 
Byrd Antui'ctic expediliun, 118 

Caltbiige, II8, 363 
Cacti. 120, 121, 122, 123 
Caissons, 99 

Calcium, 117, 229, 245, 246, 247 
California, 46, 170-171, 358, 390, 401 
Cnmero, 332-333, 410 
Cunadti, 358 

Cnnecr (cnnstollttiimi), 206, 207 
Cnpillnries, 81, 87, 88, 404, 406 
Capillarity, 56-57 
Capricurmis, 206 

Carboliydrates, 237, 240. Sec also 
Siarclies and Sugars 
Carbon, 229, 231, 233. 235, 236, 237, 
238, 239, 240, 335 

Corbon dioxide, 78-79, HI, 82, 170, 234, 
235, 236, 240, 241, 242, 249, 312, 408, 
412 

Carbon inonnxiiie, 85, 235 
Carbon tetrocliloride, 312 
Carburetor, automoliile, 316, 317 
Cardinal, binl, 142, 146 
Carrots, 177, 178, 363, 401 
Calcrpiilurs, 142, 153, 154-155 
Calfisli, 385 
Cals, 89, 168, 364 
Cattail, 1^19 

Cuttle, 364, 365. 376, 377, 379, 380 
Cauliliuwer, 363, 401 
Cedars, 170 
Ccicry, 118 

Cells, body, 81, 238, 241, 246, 247, 398- 
.399, 400, 408-409, 418; li'uf, 242; 
cletlric, 335, 337 
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Cellulose, 237 
Centrifugal force, 195-196 
Cheese, 365, 401, 404 
Chemistry, 218-219; air, 76-80, 82, 233- 
234; composition of body, 246-247, 
406; elements, 225-232, 245; mix¬ 
tures and compounds, 232-239, 243, 
245; oxidation in body, 239-241; 
solids, liquids, and gases, 220-225; 
•water as raw material for food, 242- 
245 

Cherries, 360, 362 
Chickadees, 142, 146 
Chickens, 118, 365, 379, 384 
duckweed, 178 
China, 358 
Chlorine, 231, 247 
Chlorophyll, 178, 242 
Chrysalis, see Pupae 
Chrysanthemums, 172, 173, 174 
Circuit, electric, 336-340 
Clay, 51, 58, 59, 304. See also Soil 
Climate, 213 
Cloth, 307-308, 334 
Clothing, 307, 308, 417 
Clouds, 107-108,109 
Clovers, 134, 175, 362 
Clutch, automobile, 273 
Clydesdales, 369, 371 
Coal, 224, 225-226, 235, 236, 238, 304- 
305 

Cocklebur, 178 
Cod liver oil, 401 
Colds, 408 
Colon, 413 

Columbine, 172, 174, 390 
Combustion, 77, 78; requirements for, 
302-306 
Compass, 340 
Compositae, 172 

Compounds, chemical, 232-235, 245 
Concealment by abandonment, 145 
Concrete, 66, 401 

Conduction, of electricity, 333-334, 
337; of heal, 306, 307, 320-321 
Congressional Library, 206 
Coniferous trees, 170-171 
Conservation of plants and . animals, 
379-390; of soil, 125-126,380-383,390 
Constellations, 191, 192, 204, 206-207, 
210 


Constipation,* 401, 413 

Constitution, 100 

“Control" in experiment, 20-21 

Convection currents, 320-321, 322 

Coots, 145 

Copernicus, 189 

Copper, 229, 238, 334 

Copperheads, 163 

Cork, 321 

Cormorants, 146 

Corn, 121, 356, 357-358, 366-367, 382 

Cornmeal, 118-119 

Corpuscles in blood, 81, 406-407, 410 

Cotton, 307, 308, 333-334 

Coyotes, 123, 132, 167, 364, 371 

Crank, 272, 283 

Crayfish, 87 

Cream, 117, 404 

Creosote bush, 121 

Crocodiles, 89, 134 

Crocuses, 173 

Crowbar, 261 

Crowfoot family, 174 

Cuba, 360 

Cucumbers, 363 

Curie, Marie, 230 

Currents, air, 224-225, 321-322 

Cutin, 123 

Cuttings, 378 

Cutworms, 137, 142 

Daisies, 172, 174, 178, 374 

Dams, 125, 126, 286, 290 

Dandelions, 174, 177, 178 

Day and night, of earth, 190-191, 193; 

of Venus, 200; solar, 210 
Daylight-saving time, 211-212 
Deciduous trees, 170 
Deer, 132 
Delphiniums, 174 
Denver, 91 

Department of Agriculture, 25-26, 148, 
380 

Dermis, 409 

Desert plants and animals, 53, 120-123 
Digestion, 114, 240-241, 244, 398, 401, 
402-404, 406, 407, 413 
Dingo, wild, 371 
Dippers, American, 146 
Dirigibles, 79, 228 
Disease, immunity to, 410-411 
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Distance and grovilution, 194 
Dock, 177, 178 

Dofis, 89, 168, 364, 369, 370, 371 
Donkeys, 379 
Doves, 145 

Dragonflies, 158-159, 161 
Drainage, 60, 64, 354 
Drill, dentist's, 283 
Droughts, 125, 383 

Ducks, 145, 146, 150, 365, 384, 3fl7-.3«8 
Dust, in air, 79-80, 85; storms, 383 

Eot, human, 94-95 

Earth, 40, 41-42, 94, 188, 333, .338; 
covering and interior, 46-49, 74, 229; 
eclipse of sun, 207-209; gravitation, 
193-197, 204, 215; location on sur¬ 
face, 213-214; moon, 194, 201-204, 
205, 207, 208, 209, 215; rotation, 
189-193, 198, 204, 210; seasons, 197- 
200; shape and size, 42-46, 189, 209; 
signs of zodiac, 204, 206-207; soil, 
49-69; surface in eariy liistory, 131- 
132; time, 201, 210-213, 215 
Earthworms, 87, 136-137, 142, 162-163 
Eclipse, of the sun, 207-209; of the 
moon, 209 

Edison, Thomas A,, 31, 32 
Eggplants, 363 
Eggs, 238, 246-247, 400, 404 
Electricity, 113, 286, 290, 301, 328; 
circuit, 336-340; heat and light from, 
333-336; magnets, 340-343 
Electrolysis of water, 227-228 
Electrons, 231-232 
Elephants, 352 

Elements, chemical, 225-235, 245. See 
also names of 
Elms, 170 
Endive, 363 

Energy, from food, 240, 242, 247, 397, 
404, 406, 407; from other sources, 
125, 242, 259, 263-265, 288, 290, 328, 
334 

Engines, heat, 323-326 
Environment, of animals, 135-136, 1.37; 
adaptation to, 168-169, 176, 348-349, 
353-354 

Enzymes, 244-245, 404 
Eohippus, 367, 369 
Epidermis, 409 


Eiiuatur, 1.5, 199. 21.3, 214 

Ki|uiniix. siiriiig and aulumii, 198, 199 
Esfi|diagus, -1(11 
Eiii-nlyiitns treru, 13,3, 171 
Evaporntiiin amt wnli-r vapor, 62, 79 
HO. Hi, 82-83. 106-109, 114, 22,3 ’ 

Evi'l'est, Muiiut, 49 
Evrrgrci-ns, 170, 171 
Exm’lidii, liiiily, 114, .398, .101, 411-413 

Kxprriiiicnts, hiiiiie, 27.30 

Kx|il<isiiiii, 30f>, 32.3, 32(t 
Kyi‘, liumuii, 331-332, 409.410 

Fallacies, 3, 198. .See ahu -Superslilinn 
Fans, eleeirie, 279 
Faraday, Mieliael, 290 
Farmers’ Dullelins, 2.5.26 
Fats and oils, 117, 238, 2.10, 244, 247, 
3IM, 306, 401, 404 
Feeding teirilories of lilrtls, 148 
Feel, 402 

Fertilhers, 56.57, 61, 62. 175, 245-246, 
.3.53 

Fire, extinguishing, 312.31.3; forest 
enemy, 381-311*2; for warmth, 3011- 
310; muiiuging, 313-318; preventing, 
310-312 

Firepluee, 3(W, 311, 314 
Fir.s. 170 

Fislies, 87, MO, 182. 38-5, 400, 404, 407. 

.See also numi’S vf 
Fleas, 165 
Flickers, 146 
Flics, 16i). 162 
Fhtoils, 124-120 
Florida, 171 
Flour, 118-119 

Flowers, 171-174, .362, 3119-390. .Sec also 
names iif 
Fog, 79, 107-1011 

Food, 52, 246-247; cliemieal coinpo.si- 
tion, 237-238; digestion, 114, 240- 
241, 244, 398, 401, 402-404, 406, 407, 
41,3; for health, 416; oxidation in 
liody, 239-242, .306-307, 397; water 
as raw inalerial for, 242-246; water 
in, 117-120. See also Animals and 
Plants 

Footing for foundation, 68-69 
Font-pounds, 258, 263 
Force arm of lever, 260-261 
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Forests, 107, 380-382 
Forest Service, U.S., 380 
Fossils, 60, 158 
Foucault, jean, 192 
Foundations, 67-69 
Foxes, 123, 167, 364 
Foxgloves, 172 
Foxtail, 178 

Freezing, on earth’s surface, 50-51, 66, 
67; point of water, 319 
Friction, 256, 257. 266-267, 268-271, 274 
Frogs, 88, 140, 141 

Fruits, 118-119, 360, 362, 378, 416. 
.See also names of 

Fuels,, 235-237, 313-314. See also names 
of 

Fulcrum, 2.56, 260 
Fungi, 178-179 
Furfural, 359 
Furnaces, 310, 314-318 
Fuse, electric, 339-340 


Gaillordias, 174 
Galileo, 16, 90, 190 
Galls, 159-160 
Game preserves, 387 
Gardens, 59-62, 361 

Gases, 109, 220-225, 318, 325-326. See 
also names of 

Gasoline, 223, 304, 311, 312; motor, 
235, 291, 325-326 
Gastric juice, 404 
Gears, 273-277, 280 
Geese, 1.50, 365, 384, 387-388 
Gemini, 206 

Generators, electric, 286, 290, 333 

Geraniums, 378 

Gills, 86-87, 140, 407 

Glaciers, 50 

Glass, 333-334 

Goats, 364, 365 

Gold, 238 

Golden Canyon, 48 

Goldenrod, 159, 174 

GoldOncliea, 142, 145 

Gophers, 164 

Grains, 238, 246-247, 356-360. See also 
names of 
Grapefruit, 362 
Grapes, 379 


1'^®’ 351- 357, 359- 
360, 382, 383, See also names of 
Grasshoppers, 90, 142. 155-157, 158, 
161^ 166 * 


Gravel, 51, 58, 59. See also Soil 
Gravitation, 193-197, 204, 215 
Gravity, of earth, 193-197; of moon, 

Greenwich (England), 211 
GriBith Observatory and Planetarium 
192 


Grindstone, 283 
Grosbeaks, 146 
Grouse, 145, 384 
Guinea pigs, 168 
Gullet, 404 

Gulls, 146, 150, 387-388 
Gun, 325, 326 
Gunpowder, 304, 325 


Habit, 416 
Hail, 107 
Hair, 409 
Hares, 351 

Hawks, 146, 150, 167 
Hay, 357, 359-360 
Health, requirements for, 416-418 
Heart, 398, 405, 406 
Heat, 52, 300-301; and light, 327-329; 
combustion, 77, 78, 302-306; electri¬ 
cal, 333-336, 339; engines, 323-326; 
fire management, 313-318; fire 
safety, 310-313; from food, 239-241, 
306, 397, 406, 407 ; temperature, 318- 
320; transmitting, 320-323; warmth, 
306-310 

Helium, 78, 79, 231, 233-234 

Hemlocks, 170 

Hemp, 142 

Hera, 207 

Hercules, 207 

Heredity, 375, 377-378 

Hibbing (Minn.), 226 

Hollyhocks, 172 

Honey, 362-363 

Horses, 168, 364, 365, 367, 368, 369, 
371, 379 
Humidity, 82-84 

Hummingbirds, 144, 145-146, 150, 168- 
169 

Humus, see Organic matter 



Hyacinths, 173 
Hybrids, 379 

Hydrogen, 227-228, 229, 231, 233, 234, 
235-236, 237, 238, 239, 240 
Hygrometer, 83 

Ice, 110-112, 222, 223, 225 
Illinois, 42,357 
Immunity, 410-411 
Inclined plane, 256-257, 271, 272 
India, 165, 166, 352, 258, 360 
Indiana, 357 

Insects, 87, 89-90, 407; and birds, 142- 
143, 144, 145, 151, 168, 388; kinds 
of, 152-162; respiration of, 123, 137, 
162-163. See also names o/ 
Insulation, 334, 336 
Internal-combustion engine, 290-291, 
326 

International Date Line, 212 
Intestines, 398, 404, 413 
Iodine, 225, 229, 247, 409 
Iowa, 357, 388 
Iris, flower, 172; of eye, 331 
Iron, 224, 226, 229, 238, 247, 304, 305, 
318, 334, 340-341 

Irrigation 116-117, 124, 125, 354, 381 

Jaguars, 364 
Japan,353 
Java, 360 
Jellyfish, 86 
Jimson weed, 178 
Joshua trees, 121 
Juncos, 142 
Jupiter, 209 

Kansas, 141 
Kidneys, 398, 412-413 
Kiildeer, 145 

Kindling temperature, 304-305, 313-314 
Kingfishers, 146 
Kinglets, 142 
Koalas, 133 

Labor, 293-294, See also Work 
Lady’s-slipper, 390 
Lamb’s quarter, 178 
Larks, 1^ 

Larkspur, 172, 174 


I„arvae, see Caterpillars, Flics, Galls 
and Mosquitoes 
Lathes, 283 

Latitude, parallels of, 213, 214 
Lawns, .59-62 
Lead, 229, 2.38 

Leaves of plants, 174, 241-242, 351. 

See also I’lnnts 
Leeuwenhoek, Anton van, 7-8 
Legumes, 174, 175, 359-360, 382. See 
also names of 
Lemons, 362 

Lena, glass, 303; of eye, 331-332, 410 
Leo, 20(s207 
Leopards, 364 

Lepidoptera, see Dulterflics and Moths 
Lettuce, 118, 178, 363 
Levees, 126 

Levers, 255, 259-263, 267, 271, 272 
Libra, 206 
Dgaments, 400 

Light, 94, 300 .301; and beat, .327-.329; 
camera, 332-333; front electricity, 
3.33-340; reflection of, 329-330; see¬ 
ing, 330-3.32 

Dlics, 1.39-140, 173, 174 
Lime, 246, 401 
Limes, .362 
Limestone, 69, 246 
Linen, .307, 308 
Lions, 364, 379 
Dquids, 109, 220-224 
Lithium, 231 
Liver, 404 

Lizards, 88-89, 12.3, 182 
Lolisters, 87 
Lodestonc, 340 

Longitude, 210, 213, 214, 215 
Loom.s, 28.3 
Loons, 145 

Los Angeles, 192, 381 
Louisiana, 358, 360, 388 
Lumber, 352, .354, 382, 390 
Lungs, 81, 85, 86, 398, 401, 407-408, 
412 

Lynx, 364 
Macaroni, 118-119 

Moebines and tools, 2.52-2.5.3; defini¬ 
tion, 263-264; eleetnitnugnets in, .341- 
343; forms of work, 2.54-26,3; fric- 
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lion, 268-271; improving, 273-274; 
power for, 282-295; safety with, 277- 
281; screws, 271-272; wheels, 265- 
268 

Maggots, see Flies 
Magnesium, 229, 231, 245, 247 
Magnets, 340-341; machines using elec¬ 
tric, 341-343 
Maine, 46, 170 

Maininals, 88, 89, 164, 182, 364-365, 
407. See also names of 
Manufacturing, 289, 290 
Maples, 170 

Maps, Federal bird refuges and game 
preserves, 387; migration of golden 
plovers, 149; termites in United 
States, 156; time zones, 212; world 
relief, 46 

Marigolds, 172, 174, 376-377 
Mara, 209 

Mass and gravitation, 194 
Ma.sticatian, 403 
Matches, 305, 311 
Matter, three states of, 109, 220-225 
Measurement, 17-20, 195 
Meat, 7, 118, 238, 246-247, 365, 400, 
404 

Medicine dropper, 97 
Melons, 363 
Mercury, 224, 229, 319 
Meridians of longitude, 210, 211, 212, 
213, 214, 215 

Metals, 94, 239, 321, 333. See also 
names oj 

Metamorphosis of insects, 161, 162 
Metric system, 195 
Mica, 335-336 

Mice, 163, 164, 165, 166, 351-352, 364 
Microbes, see Bacteria 
Microscope, invention of, 7-8 
Migration, of birds, 148-151, 386-387; 

of insects, 152-153 
Migratory Bird Treaty Act, 387 
Milk, 112, 117, 246-247, 365, 376, 400, 
401, 416 

Milkweed, 153, 177 
Millet, 142 

Minerals, 239, 245, 247, 407. See also 
names of 
Minnesota, 357 
Mirror, 330 


Missouri, 46,357 
Mist, 107 

Mixtures, chemical, 232-235, 243 

Mohair, 365 

Mold, 119 

Molecules, 234-235 

Mongrels, 379 

Months of year, 201 

Moon, 194, 201-204, 205, 207, 208, 209, 

-Morning glories, 177' 

Mosquitoes, 158-159 
Moths, 136, 137, 142, 152, 153, 154-155, 
159, 162, 168-169 
Mouth, 398,403 
Mules, 365,379 

Munro, Captain Donald, 9, 10 
Murres, 387-388 ‘ 

Muscles, human, 398, 399-400, 401 
Museums, 26 
Mushrooms, 179 
Mustards, 176-177, 178, 363 


Nails, 409 
Narcissus, 173 
Nasturtiums, 172 

National Bureau of Standards, 320 
National Council of the Teachers of 
English, 24 
Nebraska, 357 
Nectar, 144, 362, 363 
Nectarines, 360, 362 
Necturus, 86-87 
Neon, 79, 229, 231, 233-234 
Nervous system, human, 398, 399, 413- 
416,418 

Nesting habits of birds, 144-148 
Nettle, horse, 178 
Newton, Isaac, 194 
Newts, 87, 140 

New York City, 91, 283, 369, 381 
Nichrome, 335 
Nicotine, 415 
Nighthawks, 145 

Nitrogen, 76, 77-78, 81-82, 134, 175, 
229, 233, 234, 238, 245, 336, 408 
Nodules, 175 

Nondeciduous trees, 170,171 
Nose, 410 
Nuthatches, 142 
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Nymphs, ^ee Dragonflies, Grasshop¬ 
pers, and Termites 

“Oak apples,’’ see Calls 
Oak trees, .121, 159-160, 170, 171 
Oats, 357, 359 
Oceans, 47, 50, 322 
Odonata, see Dragonflies 
Ohio, 357 
Olive oil, 404 
Optic nerve, 331 
Oranges, 118, 134, 362, 363, 401 
Orbits of planets and moon, 194-195, 
201, 204 

Orders of animals, 140-141 
Oregon, 170 

Organic matter in soil, 60, 62, 390 

Orioles, 143-144, 145, 387 

Orion, 191, 192 

Osmosis, 404 

Ouzels, water, 146 

Owls, 146, 167 

Oxalis, 177 

Oxen, 365 

Oxidation, 90, 235-242, 306-307, 397 
Oxygen, 76-77; element, 229, 231, 233- 
234, 235-236, 237, 238, 239, 240, 241, 
242, 248; for animals, 85-90, 139; 
for burning, 305; human respiration, 
81, 82, 85, 92, 93, 407-400, 412; in 
water, 227-228 

Pelomar Mountain, observatory on, 200 

Palo Verde tree, 121 

Pancreas, 404 

Pansies, 172 

Panthers, 364 

Paper, 304, 305, 307, 321, 333-334 
Parallels of latitude, 213, 214 
Paramecia, 86, 138, 179 
Parks, 30, 385, 390 
Pasqueflower, 390 
Passeres, 184 
Pasteur, Louis, 8 

Paul J. Rainey Wild Life Sanctuary, 
388 

Peaches, 118-119, 360, 362 
Pears, 360, 362 
Peas, 174, 246-247, 363 
Pelicans, 146 


Pendulum, Foucault, 192, 193 

Pennies, 172 

PeppergrasB, 178 

Pepper trees, 171 

Perches, 385 

Percherons, 371 

Perennials, 172, 173,174, 176, 177, 178, 
360 

Periscope, 329, 330, 343 
Perspiration, 114-115, 409, 412 
Pheasants, 145 

Phosphorus, 117, 245, 246, 305, 401 
Pigeons, passenger, 383-384 
Pigs, 364 
Pines, 170 
Pisces, 206 

Planetaria, 26, 192, 193, 208 
Planets, 194-195, 197, 209. See also 
names of 
Plantain, 177, 178 

Plonts, 130, 237; air for, 52, 53, 74, 
75, 132, 133, 169-170, 242; nnil water, 
52, 84, 86, 107, 120-123, 132, 169-170, 
241-242; cliangcs in, 372-379; con¬ 
servation, 379-390; dnincslication, 
355-364, 366-369, 371-372; curly 
kinds, 179, 182-183; food for, 132, 
169-170, 242; present kinds, 139-140, 
169-175, 180; soil for, 53-56, 59-63, 
132, 170; sunlight for, 132, 242; 
undesirable, 17.5-179, 388; useful¬ 
ness, 348, 349, 350-3.55; wnmitli for, 
52, 133-134, 169-170. .Sec also names 
of 

Plasma, 406-407 
Plovers, golden, 149, 150 
Plums, 360, 362, 379 
Pollywogs, see Tudpules 
Ponies, 16B 
Poplor trees, 160 
Poppies, 174 
Porcelain, 333-334 
Pork, 118 
Porpoises, 87 
Posture, 401-402 
Potassium, 229, 231, 245 
Potatoes, 118, 363, 378, 403 
Poultry, 118, 365, 379 
Power for machines, 282-291, 333; cost 
of, 292-295 

Prairies, 382, 383, 384 
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Pressure, 75, 95-100, 224 
Prolective coloration, 156, 159 
Proteins, 117, 238, 244, 246-247, 363, 
385, 400, 404 
Protons, 231-232 
Protoplasm, 398-399 
Prunes, 118-119 
Pulleys, 281 
Pumas, 364 
Pumpkins, 142, 363 
Pumps, 98 
Puncture vine, 178 
Pupae, 153, 155, 159, 160 
Puppies, mud, 86-87 
Pus, 410 

Quails, 145,388 
Quinces, 360, 362 

Rabbits, 164, 165, 166-167, 168, 351 

Radiation, heat, 322-323, 328 

Radishes, 177, 363 

Radium, 230 

Rnitweed, 178 

Rails, 145, 387 

Ruin, 381; and formation of soil, 51; 
composition of, 113; in deserts, 120- 
121; source of, 107,108,109, 224-225 
Rain drops, 80 
Raisins, 118 
Raspberries, 360, 362 
Rats, 89. 123, 163, 164, 165-166, 168, 
351-352, 364 

Reading material, scientific, 23-26 
Recreation, 385 
Redi, Francesco, 7 
Redwoods, 170-171, 390 
Reeds, 139 

Refrigeration, 110, 224 
Reptiles, 88-89, 182. See also names of 
Respiration, anhnal, 85-90, 140; hu¬ 
man, 80-82, 86, 90-93, 241, 398, 407- 
408, 412; in leaves, 241-242 
Retina, 331-332, 410 
Revolution, of earth, 196, 197-200, 201, 
204; of moon, 201-204; of Venus, 
200 

Rice, 124, 356-357, 358, 403 
Rickets, Ml 

Rivers, 50, 64,124,125-126, 290 
Roads, 63-66 


Robins, 14?-143, 145, 151, 387 
Rock, 48-49, 50-51, 57-58 
Rodents, 123, 163, 164-168, See also 
names of 
Rollers, 256, 266 
Rose family, 362, 367-368, 378 
Rotation, of earth, 189-193, 198, 204 
210; of moon, 201 ’ 

Rubber, 333-334 
Runners, 256, 257 
Russia, 358 
Rust, 77,238 
Rutabagas, 363 
Rye, 142,357 


Safety, from electricity, 338-339, 340; 
from fire, 310-313; from gases, 318; 
health, 408-411, 418; with machines, 
277-281 
Sage, 363 
Sagebrush, 121 
Sagittarius, 206 
Saguaio, 120,121 
Saguaro National Monument, 121 
Salamanders, 87-88, 140 
Saliva, 403 
Salmon, 385 
Salt, 243,247 

Sand, 51, 58, 59, 304, See also Soil 
San Francisco, 381 
Sandpipers, 145, 387 
Saturation point, 243 
Saturn, 209 

Save-the-Redwoods League, 390 
Saws, 281, 283 
ScabiosBB, 172 
Scarlet-runners, 174 
Science, and superstition, 2-9; and 
“tall” stories, 9-11; helping oneself 
in, 21-31; new discoveries, 11-15; 
proving findings in, 15-21 
Scientists, training and, work of, 31-35 
ScorpiuE, 206 

Screws as machines, 271-272 
Sea serpents, 9-11 
Seals, 87, 164 

Seasons, of earth, 197-200; of Venus, 
200 

Selection, artificial, 373-377 
Sequoias, 171 
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Sewing machines, 281, 283 
Sheep, 364, 365, 373, 380 
Shepherd’s purse, 177 
Ships, 99-100, 286, 288 
Silicon, 229 
Silk, 307, 308, 333-334 
Silver. 229, 238, 334 
Siphon, 96-97 

Skeleton, human, 246, 247, 398, 400- 
402 

Skin, 114.115, 408, 409 
Sleep, 415, 418 
Sleet, 107 
Smoke trees, 121 
Snails, desert, 123 
Snakes, 88-89, 123, 162-164 
Snipes, marsh hawk, 145 
Snow, 107, 108, 109 
Soap, 115 

Sodium, 229, 231, 247 
Soil, and water, 56-57; animals in, 136- 
137; bacteria in, 134, 175; clay, 51, 
58, 59, 304; conservation,' 125-126, 
380-381, 382, 383, 390; formation, 

49- 52; foundations, 67-69; good and 
poor, 53-56; importance, 52-53; 
lawns and gardens, 59-62; roads, 63- 
66; rocks, sand, and gravel, 48-49, 

50- 51, 57-59, 304 
Solids, 109, 220-225 

Solstice, summer and winter, 198-199 
Solutions, 242-244 
Soot, 236 

Sorghums, 285, 357 
Sorrel, 178 

Spund, air and, 75, 93-95 
Spanish needle, 362 
Sparrows, 142, 143, 145 
Spiders, 144 
Spinach, 363,401 
Spinal cord, 398, 413 
Spinning wheel, 283 
Spiracles, 89, 90, 156, 407 
Spirogyra, 139 
Spontaneous generation, 7-8 
Spruces, 170 
Squash, 363 

Squirrels, 123, 164, 165, 167 
Starches, 233, 237, 242, 244-245, 247, 
306, 363, 403, 404 
Stars, 190, 194, 209, 210 


Steam, 96, 112-113, 223, 288-290, 291 
323-325,326 
Steel, 304 
Stems, 351 

Sterilization, steam, 112 
Stomach, 398, 404 
Stoves, 309, 314-318 
StrBwl>erTics, 360, 362 
Struggle for existence, 176 
Suet for birds, 142 

Sugars, 117, 237, 239, 242, 244, 245, 
247, 306, 357, 359, 360, 362. 363, 377, 
403 

Sulphur, 229, 231, 239, 245 
Sun, 80, 401; earth’s revolution, 197- 
200; eclipse of, 207-209; energy 
from, 242; gravitation, 194-195; heat 
from, 52, 108, 322, 328; time, 210- 
Zll 

Sun fish, 385 

Sunflowers, 142, 173, 174 
Superstition, 2-9, 207 
Survival of the Attest, 176 
Swallows, 145. 146, 148, 150, 307 
Swans, 384, 387 
Sweep, power for, 284-285 
Sweetpeas, 172, 174 
Switcli, electric, 336-340 
Sycamores, 170 

Tadpoles, 87, 140 
Tanagers, 146 
Tangerines, 362 
Tannic-acid solution, 409 
Taste, sense of, 410 
Taurus, 206 

Teelli, 117, 247, 403, 417-410 
Telephone, 341 

Temperature, 209, 224; altitude, 92-93; 
evaporation, 106, 108-11)9; plants and 
animals, 133-134, 169-170; heat and 
light, 328-329; humidity, 8.3-84; 
kindling, 304305, 313-314; measur¬ 
ing, 318-320 
Tendons, 400 
Tcosinie, 366 

Tcrmitea, 156, 1.57-158, 159, 161 
Terns, 149-1,50 
Terrarium, ,354 
Texas, 358 

Tliermoineler, 318, 319-320 
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Thistles, 177, 178 

Thoroughbreds, 368, 371 

Thrushes, 142, 145, 387 

Thunderstorms, 5-6 

Tides, 215 

Tigers, 379 

Time, 210-213, 215 

Tissues, 78, 117, 247, 398 

Toads, 88, 140, 162-163 

Toadstools, 178-179 

Tobacco, 415 

Tomatoes, 118,363 

Tomato worms, 136, 137 

Tools and machines, see Machines 

Tongue, 410 

Torricelli, 90 

Tortoises, desert, 123' 

Towhees, 145, 146 

Trachea, human, 80, 81; insect, 89, 90 
Transpiration, 121-122 
Treadle, 283-284 
Treadmill, 285-286 

Trees, 121, 170-171, 352, 354, 380-382, 
390. See also names of 
Trilliums, 172 
Tropic ot Cancer, 198-199 
Tropic of Capricorn, 199 
Trout, 385 
Tulips, 173 
Tungsten, 336 
Turbines, 324-325 
Turkeys, 365,379 
Turnips, 363 
Typhoid fever, 126 

Ungulate, 364-365 
Uranium, 232 
Urine, 412-413 

Vaccines, 411 
Vacuum, 75 
Vacuum cleaner, 97-98 
Variation in plants and animals, 375- 
376, 379 

Vegetables, 118, 119, 137, 238, 246-247, 
363-364, 401, 416. See also names of 
Veins, 405, 406 
Ventilation, 408 
Venus, 200, 209 
Villus, 404 
Violets, 172, 351 


Vireos, 145 
Virginia, 358 
Virgo, 206 
Vitamins, 117, 401 
Voles, 166 
Vorticellae, 139 


Warblers, 1^ 

Washington (stale), 170 
Wasps, 160 

Water, 94, 104-105, 246, 304, 312, 313, 
319; air in, 85-86; animals in, 137-140; 
composition of, 226-228, 233, 234, 
235-236, 240, 406; conservation, 380- 
381, 382; convection currents, 321- 
322; floods, 124-126; for animals, 52, 
122, 123, 132-133; for plants, 52, 
120-123,132,169-170, 241-242; in air, 
62, 79, 80, 81, 82-84, 106-109, 223, 
224, 240, 408; in food, 117-120; in 
soil, 52, 53, 56-57; on earth’s sur¬ 
face, 46, 47,49; power, 286-291, 333; 
raw material for food, 242-245; three 
states, 109, 221-223, 224-225, 323; 
uses, 109-116 
Watercress, 363 
Watsonias, 173 
Waxwings, 146 
Weather Bureau, 3, 19, 83 
Weeds, 175-178, 388 
Weight and gravity, 194v 195, 196-197 
Weight arm of lever, 260-261 
Wholes, 87, 164 

Wheat, 119, 120, 134,142, 356-357, 358, 
375 

Wheels in machines, 265-271, 273-275 
Whippoorwills, 145 

Wild Flower Preservation Society of 
America, 389-390 
Willows, 159, 170 
Wind, 50, 95-99, 100, 286, 322 
Windlass, 267-268 
Windmills, 100, 286 
Wolves, 132, 364, 371 
Wood, 94, 236, 237, 304-305, 321 
Woodcocks, 1^ 

' Woodpeckers, 142, 146, 168-169, 387 
Wool, 307, 308, 365 
Work, 257-259, 263, 292-295. See also 
Machines and tools 
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Wrens, 146, 387 
Wringers, 279, 281 

Year, 196, 197-200, 204 
Ycliuwthrnuts, Muryland, 146 
Yellowstone Fulls, 43 


Zrhras. 379 
Zi'us. 6-6 

'/ill!-, 229, 23H, 336 
/iiiiiiiis, 172, 174 
/inline, signs of, 204, 205-2(16 
Ziios, 27, 135-136 
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